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EXECUTIVE SUMMARY 

Executzve Summary 

Introduct~on and Scope 

The Joint Parallel Nuclear Alternatives Study for Russia (JPNAS) is a parallel study to the Joint 
Electnc Power Alternative Study for Russia (JEPAS) The JPNAS assessed the costs of enhancmg 
the safety level of Russian Nuclear Power Plants (NPPs), decomrmssio~llng of RBMK-1000 and first 
generation VVER-440 u t s ,  completion of NPP construction, NPP repowering into a fossil fuel 
plant, and construction of new generabon NPPs In the framework of the Jomt Energy Alternatives 
Study, the JPNAS provides data on the nuclear sector whlch is needed to formulate an integrated 
resources plan and schedule of investments for the development of Russia's power sector 

The work of the JPNAS was undertaken by a team of Russian and Arnencan experts worlung in 
close cooperation 

Current Status and Background 

On January 1, 1994 there were 9 Nuclear Power Plants (NPPs) with 29 power units in Russia, their 
total installed capacity was about 21 GWe, or 10 6% of total mstalled capacity of the Russian power 
sector In 1993, Russian nuclear power plants produced some 1 18 tnllion watt-hours (1 18 TWh) of 
electnc energy 

Power reactors in commercial operation were of several types 

RBMK-1000, a graphte moderated, pressure-tube, low ennched reactor rated at 1000 MWe, 
designed for on-lme refuelmg (there are two generations of RBMK-1000 reactors that differ 
in some design features and physical parameters), 
WER-440 (Models V-179 and V-230), a first generation pressunzed water reactor rated at 
440 MWe, 
VVER-4401213, a second generation pressunzed water reactor also rated at 440 MWe, and 
VVER-1000, a second generation pressunzed water reactor (of the V-187, V-338, and V-320 
models) rated at 1000 MWe 

In addition, a liquid metal-cooled fast reactor (BN-600) is connected to the Ural gnd and four small 
(12 5 MWe) water-cooled graphte-moderated channel type (EGP-6) reactors operate isolated fiom 
the gnd in the north of the far eastern portion of Russia 

Fuel resources and the requn-ed mfkastructure exlst m Russia for supplymg fuel to all exlstmg nuclear 
power plants at current levels of consumption, now and for the foreseeable future Resources and 
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infrastructure exist in Russia to support the production of most nuclear power plant components 
requlred for power plant completion, safety related upgrades, and new power plant construction 

General Assumpt~ons and Methodology 

The work was structured on the assessment of six Ophons for the Russian nuclear sector whch had 
been developed from the Tenns of Reference (TOR), see Annex 1 They are as follows 

Option 1 Provide safety upgrades to u t s  wth  the RBMK-1000 and first generation 
VVER-440 reactors to allow operation until the end of service life at a safety level 
acceptable to the West 

Option 2 Decommiss~on u t s  wth the RBMK-1000 and first generation VVER-440 reactors 

Option 3 Repower the partially completed Rostov-1, a VVER-1000 reactor, as a fossil fuel 
plant 

Option 4 Complete the partially completed Kalim-3, a VVER-1000 reactor, with safety 
upgrades to allow operation at a safety level comparable to the West 

Opt~on 5 Provide safety upgrades to operating u t s  wth the WER-1000 and WER-4401213 
reactors to permit operation of these reactors at reduced levels of nsk 

Opt~on 6 Buld a new generation evolutionary power plant NP-500 

For options that Include safety upgrades (options 1,4, and 5), the JPNAS operatio~~ally defined, for 
the purposes of th~s  study, a set of upgrades that rased the level of safety at the associated NPP's 
and that might be acceptable to potential investors 

The cost estimates derived here were based on drawngs and specifications for some speclfic 
upgrades and u t s  and conceptual designs 

Safety Upgrades 

Programs for safety upgrades to all Russian reactors have been developed and are belng mplemented 
in Russia JPNAS experts have proposed a set of safety upgrades that would narrow the gap between 
the safety level of Russian reactors and the safety level acceptable to the West 

In addition, it must be noted that safety is improved not only by equipment upgrades, but also by 
operational improvements Therefore, the Russian safety program rncludes steps amed at lrnprovlng 
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operation and mamtenance, quality control, diagnostic methods, administrative controls, personnel 
qualifications and training, and periodic safety assessments 

One of the major objectives of the JPNAS was to estimate the cost of selected safety upgrades for 
Russian NPPs that Increase the level of safety The set of upgrades included the follomng 

A subset of the upgrades developed by the Russian engineers for the International Users 
Group (IUG) of Sovlet Designed Reactors and published in a March 1994 report prepared 
for the World Association of Nuclear Operators (WANO) that Includes all the upgrades 
dlrectly associated mth reactor and plant safety1 

The ~mplementation of confinement/containment systems for RBMK-1000 and first 
generation VVER-440s 

Certain additional engineering studles from the current Russlan program to identify 
upgrades not included in the two previous items Referred to hereafter as "upgrades beyond 
WANO" 

The JPNAS evaluation of the contauunent systems for RBMK-1000 and first generation WER-440 
was included at the request of the US experts 

For the purposes of h s  study, three confinement/containment systems were conceptually designed 
and costed These were 

1) a US style conta~nment system for RBMK-1000 and first generation VVER-440 
reactors, 

2) a jet condenser pressure suppression system and a metal confinement structure of 
Russian design over the operating floor for RBMK-1000, 

3) a jet condenser pressure suppression system with some additional confinement 
elements for the first generation VVER-440 reactors 

The construction of a U S style containment at either an RBMK-1000 or a first generation 
WER-440 would be technically feasible but very costly 

I It should be noted that the major part (>85%) of the IUG-set are directly 
associated with reactor and plant safety 
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Safety upgrades that have already been completed as part of the current Russian upgrade program 
have not been included in the JPNAS Prorated costs associated with completing safety upgrades 
that are currently m process were Included m the study The status of the safety upgrades was 
determined during a senes of meetings between JPNAS experts and the staff of Rosenergoatom 
Additional englneermg studles and confinement/contamment systems whch are m e d  at addresslng 
safety issues not included in the current program are also included in the study 

Decommissioning of Units with RBMK-1000 and F ~ r s t  Generat~on VVER-440 Reactors 

The JPNAS assessed the cost of decomrmssiomng m t s  with RBMK-1000 and first generation 
VVER-440 reactors The cost assessments for decommissioning Included direct costs and social 
costs calculated in accordance with the Russian law Two approaches were considered a Russian 
approach and a U S approach Both approaches used the same data provided by Russian experts 
and used the same methods for the evaluation of social costs 

Two decommissioning scenanos were considered for each decomrmssiomng approach 
Planned - reactor is shutdown at the end of service life (EOSL) 
Early - reactor is shutdown 5 years prlor to EOSL 

The Russian and U S approaches to decornrn~ssioning are based on the maintenance, repar, and 
replacement experience in each country Thus, they reflect the decommissionmg procedures that 
regulatory and utility organizations find acceptable In the respective countnes Thls resulted m 
differences in the costs for the Russian Federation and U S approaches to decomrmssiomng 

It should be noted that neither approach can be claimed to be optlmal An effort to find an optimal 
approach m either country might prove to be hlghly cost effective, see proposed project #2 below 

Other Opt~ons 

Repowenng Rostov-1 as a coal fueled plant is more expensive than the alternative of completing th~s 
plant as a nuclear umt 

Russia has developed several advanced NPP concepts wlth enhanced safety features in a program 
analogous to the US advanced reactor program Considered in thls study is the 635 MWe NP-500 

The NP-500 NPP project has a double protective c o n t m e n t  shell, advanced passive safety 
systems, additional acQve safety systems and operational systems, important for safety, with 
enhanced relrability and redundancy The plant is of compact design leading to reduced matenal 
quantihes and more effectwe space utilizat~on Projected man-power reqwements are substantially 
less than for operating Russian NPPs 
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Results and Observabons 

The costs denved for each of the nuclear opbons are summanzed m Tables ES-1 and ES-2 The costs 
in Table ES-1 are based on conditions that prevail in the U S Table ES-2 reflects Russian costs 
derived from the U S costs and based on conversion factors chscussed in Section 4 The Russian 
costs were used in the JEPAS as Input for the rntegratlng model The differences between the tables 
result from the fact that there are sigmficant differences in industrial practice, construction practice, 
labor productivities, and labor and matenal costs in our two countnes Note that the US costs 
provided in table ES-1 could be used as a basis for developing nuclear option costs for other 
countnes after the development of appropriate country specific conversion factors and appropnate 
techcal  information 

The costs in the tables are presented as maximum and mlmmurn estimates The maxmurn 
assessment for each option is the maximum cost of upgrade implementation among all units 
considered A simlar defmtion is used for the mnmum estimates 

These costs are 1) overnight costs and, 2) include large contingency amounts ranging from 10 
percent of the base construction cost (BCC) to upwards of 30 percent of BCC The term "overnight 
costs" sigmfies that the amount is s~mply the aggregate of all costs as if they were mcurred at a 
single point in t~me  

The JPNAS cost estmates cannot, by themselves, be used for determining the best nuclear options 
The estimates are denved pnmarily to provide data for ~ntegrating models 

Proposed Nuclear Projects for Considerat~on 

The JPNAS has identified several specific projects for early financing and implementation whch 
would facilitate acheving the nuclear objectives delineated in the TOR They are 

1) Development of the optimal implementation strategy for safety upgrades of operating 
NPP' s 

2) The development of a decornmiss~oning program for a specific RBMK-1000 reactor 

3) Completion of the design of the NP-500 and NP-1000 (new generation evolutionary 
reactors) to a sufficient level of detail so as to allow a full-scale licensing process 
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Table ES-1 
"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 

U S CONDITIONS 
(IN CONSTANT JANUARY 1 1994 DOLLARS) 

1 RBMK Project Duratlon 1 year shutdown for jet condenser/confinement 3 year shutdown for full contarnment Both rnclude fuel 
channel replacement 
W E R  Project Duratron 6 month shutdown for jet condenser/confinernent 3 years for full containment 

2 Base construction cost w ~ t h  owner s cost and contingency 
3 Based on Gross Electrlc Capac~ty 
4 Only one unlt evaluated 

Opt~on Descr~pt~on Project' 
Duratron 
(Months) 

24 

21 

RBMK-1000 
(1 000 MWe) 

W~R-4401230 

O~t ron  1 
Contlnuatlon 

Total . 
H~ghlLow 
(I O6 $) 

224187 

I 15189 

With 
Confinement 

and Jet 
Condenser 

36 

WER-4401230 36 

CosP 

H~ghlLow 
($/kWe)3 

224187 

262202 

6491429 

3651286 

I25311 185 

6401600 

4271360 

3321292 

127911 21 2 

6481608 

4571391 

7761685 

1457 

561 

50140 

97158 

145511 164 

0 tlon 2 
Planned 

Decomm~ssron~ng 

O ~ t l o n  2 
Early 

Decomm~sslon~ng 

40287 

8291650 

125311 1 85 

145511 364 

4271360 

7551664 

127911 21 2 

147311 382 

4571391 

136122 

1457 

56 1 

114191 

97/58 

229111833 

Russlan 
Approach 

U S Approach 

Russlan 
Approach 

U S Approach 

O~t ron  3 
Conversion of a WER-1000 to Organlc FueI(1500 MWe)4 

O ~ t l o n  4 
CompletlonlUpgrade of a WER-1000 (1 000 MWe)4 

O ~ t l o n  5 
Upgrade of a WER-440 121 3 (440 MWe) 

O ~ t l o n  5 
Upgrade of an Operat~ng WER-1000 (1 000 MWe) 

O~t ron  6 
New Generation NP-500 (635 MWe) 

24 

26 

21 

18 

48 

RBMK-1000 
(1 000 MWe) 

WER-4401230 
(440 MWe) 

RBMK-1000 
(1000 MWe) 

WER4401230 
(440 M We) 

RBMK-1000 
(1 000 MWe) 

W E  R-4401230 
(440 MWe) 

RBMK-1000 
( I  000 MWe) 

WER-4401230 
(440 MWe) 

516 

51 6 

144 

120 

480 

480 

144 

120 

- 
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Table ES-2 
"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 

RUSSIAN CONDITIONS 
(IN CONSTANT JANUARY 1 1994 DOLLARS) 

1 RBMK Project Durat~on 1 year shutdown forjet condenser/confinement 3 year shutdown for full conta~nment. Both 
include fuel channel replacement 

W E R  Project Duratlon 6 month shutdown for jet condenser/confinement 3 years for full conta~nment 
2 Base construction cost wlth owner s cost and contingency 
3 Based on Gross Electr~c Capac~ty 
4 Only one unlt evaluated 

Opt~on Descrrption Project' 
Durat~on 
(Months) 

24 

21 

36 

36 

51 6 

51 6 

144 

O ~ t l o n  I 
Cont~nuat~on 

Opt~on 2 
Planned 

Decomm~ss~onrng 

Total 

H~ghlLow 
(1 O6 $) 

90135 

39/29 

22811 36 

11 1187 

19811 69 

12411 08 

78/49 

O~t ron  2 
Early 

Decomm~sslonlng 

Opt~on 3 

With 
Confinement 

and Jet 
Condenser 

With Full 
Contarnment 

Russlan 
Approach 

U S  
Approach 

CostZ 

H~ghlLow 
($lkWe)3 

90135 

90166 

22811 36 

25Z198 

1 9811 69 

28Z245 

78/49 

64148 

2001172 

12511 09 

8 1 152 

65149 

557 

146 

1411 1 

2911 6 

5291440 

RBMK-1000 
(1 000 MWe) 

WER-4401230 
(440 MWe) 

RBMK-1000 
(1 000 MWe) 

W E  R-4401230 
(440 MWe) 

RBMK-1000 
(I 000 MWe) 

WER-4401230 
(440 MWe) 

RBMK-1000 
(1000 MWe) 

14511 08 

20011 72 

2841247 

81152 

14711 10 

371 

146 

32/25 

2911 6 

8331693 

Russlan 
Approach 

U S  
Approach 

Conversion of a WER-1000 to Organlc Fuei(1500 MWe)4 

O ~ t ~ o n  4 
CompletlonlUpgrade of a WER-1000 (1000 MWe)4 

O ~ t t o n  5 
Upgrade of a WER-440 1213 (440 MWe) 

O ~ t ~ o n  5 
Upgrade of an Operat~ng WER-1000 (1000 MWe) 

Option 6 
New Generation NP-500 (635 MWe) 

26 

21 

18 

48 

WER-4401230 
(440 MWe) 

RBMK-1000 
(1 000 MWe) 

WER-4401230 
(440 MWe) 

RBMK-1000 
(1000 MWe) 

W E  R-4401230 
(440 MWe) 

480 

480 

144 

1 20 

24 
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1.0 INTRODUCTION 

1 1  BACKGROUND OF THE JOINT ELECTRIC POWER ALTERNATIVE STUDY 
(JEPAS) 

At the July 1992 Munich G-7 Summit, the G-7 countries expressed their concern about the safety 
of certam Soviet-designed nuclear power plants (NPPs) and comrmssioned the World Bank and the 
International Energy Agency (IEA) to mvestigate replacement sources of electncal energy and their 
cost implications The result, a report entitled "Russia Electricity Ophons", jomtly drafted by the 
government of Russia, the World Bank, the IEA, and the European Bank for Reconstruction and 
Development was submitted to the G-7 in June 1993 

At the G-7 Tokyo S u m t  (July 1993), the participants urged the development of a framework for 
coordmated action among donor countnes and multilateral financial institutions to assist Russia and 
other relevant countnes with long-term energy p l m n g  to enable the earliest possible closure of 
their riskiest nuclear reactors 

On September 1 and 3, 1993, Pnme Mlnlster V Chernomyrdin and Vice President A Gore, 
meeting in the context of the U S - Russia Joint Commission on Economical and Technological 
Cooperation (JCTC), in keeping wth  the G-7 fi-amework development effort, agreed on a jomt 
effort to exarnlne options for Russla's electrical energy future T h ~ s  effort is the Jolnt Electr~c 
Power Alternative Study (JEPAS) 

The maln goal of the JEPAS is to provide a time phased investment program for the development 
of the Russlan power sector for the period 1995-2010 An Integrated resources plan provides the 
context for coordinating the schedule for new plant construction, for plant decommissioning, and 
for plant upgrades, so that forecast electncal demands w11 be met at all tunes at least cost The data 
requirements of such a plan Include those of the nuclear sector 

At the time of the second session of the JCTC on 16 December 1993, P m e  Muster V 
Chernomyrdin and Vlce President A Gore made ajo~nt  statement reaffirming the agreement of the 
two sides to carry out the above-mentioned study 

1 2 THE JOINT PARALLEL NUCLEAR ALTERNATIVES STUDY FOR RUSSIA (JPNAS) 

The Jolnt Parallel Nuclear Alternatives Study for Russia (JPNAS) is a parallel study to the JEPAS 
This study is aimed at the assessment of the costs of enhancing the safety level of Russian NPPs, 
decomrmssiomg of w t s  wth the RBMK-1000 and first generation WER-440 reactors, costs for 
the completion of NPP units under construction, repowenng of NPPs as fossll fuel plants, and the 
construction of new generation NPPs 
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In the framework of the Joint Energy Alternative Study, the JPNAS is to provide data on the 
nuclear sector whch are needed for use in the integrated resource p l m g  models being used to 
analyze investment options for the Russian Power Sector Th~s JPNAS Fmal Report is based on the 
Interim Report whch was submitted to the JCTC in July 1994 

The lrnplementation of the JPNAS was based on the Terms of Reference (TOR) whch were agreed 
to by the U S Department of State (DOS) and the Ministry on Atomic Energy of the Russian 
Federation (MINATOM) Overall coordination of U S activities was provided by DOS Important 
to the success of the joint effort was the support and guidance provided by the Umted States 
Department of Energy (DOE) A parallel role was played by MTNATOM In addition to providmg 
guidance to the JPNAS, MINATOM staff provided necessary data and actively participated in 
report preparation and review 

Table 1-1 The Objectives for the JPNAS from the JEPAS Terms of Reference 

A Should the decrsron be taken to shut down first generation reactors, analyze the 
economrc and practical consequences of such a possible decrsion, especially an 
assessment of the costs drrectly assocrated wrth the decommissronmg of operating 
nuclearpowerplants, but also the economrc and social consequences to the nuclear 
work force 

B Assess the consequences and costs of converting parfly-built nuclear power plant 
construction srtes that were never completed rnto power stations that use fossil fuel 

C Determine the costs of ut~lizing partly-completed nuclear power plants to replace old 
reactor units, including safety-related upgrades necessary to achieve a level of 
safety comparable to the West, addrtronal consfructron costs, plant operatron and 
fuel costs, and rmpacts on energy rnfrastructure 

D Take into account Russian plans for new nuclear generation, including new nuclear 
power plant designs adapted from current designs, and therr anticrpated costs 

E Take rnto account Russran plans for upgrading existing nuclear power plants and 
their anticipated costs 

F Take rnto account cost of continued operation of first generatron VVER and all RBMK 
reactors to the end of therr Irfetimes with upgrades to standards acceptable to the 
West 

On the basis of these six objectives, the JPNAS developed specific options whch are discussed in 
detal m Section 3 The objective of JPNAS is to evaluate costs and time reqmrements for the 
objectives above 

Specifically, the JPNAS is to prepare the estimates of capital costs for reactor safety upgrades to 
existing reactors and for new nuclear power plants, fuel and non-fuel operating and maintenance 
costs for all nuclear power plants, and decommissionmg costs including social costs for plants to be 
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retlred dmng the study penod 
With these data and similar data for the other alternatives it is possible to develop the 
recommendations of the optimal development of the Russian power sector in the framework of an 
lntegratlng economic model 

1 3 THE JOINT EFFORT OF MINATOM OF THE RUSSIAN FEDERATION AND 
THE U S DEPARTMENT OF ENERGY 

The U S Department of Energy invlted the Brookhaven National Laboratory to undertake the study 
of the Russian nuclear power sector in support of the JEPAS Such a study could only be feasible 
wth the whole-hearted cooperation of MINATOM of the Russian Federation which holds through 
its subordinate agencies and inshtutes the design and operating data of Russian reactors needed for 
the JPNAS In addition to providing these data, its personnel brought to the project an 
understanding of the infrastructure and social context of the nuclear power sector and of important 
safety issues involved in the operation of Russian reactors The knowledge and experience of the 
Russlan reactor operators and developers have played an important part m the development of h s  
report and its cost estimates 

The work of the JPNAS was undertaken by a team of Amencan and Russian experts worlung in 
close cooperation The Russian team members were affiliated wth the orgamzahons w t h n  the 
structure of the Ministry on Atomic Energy of the Russian Federation including Rosenergoatom 
(Russ~an Utllity Company), AtomEnergoProekt (VVER and RBMK archtect engineers), the St 
Petersburg AtomEnergoProject (Head designer of the VVER 640 NPP Project), GYDROPRESS (a 
VVER reactor vendor), VNIIAES (an Instltute for nuclear plant operations), and some other 
organizations On the Russian side the project was coordinated by the experts of the Russian 
Research Center "Kurchatov Instltute" For the U S side, at the request of the U S Department of 
Energy, the project was coordinated by the Brookhaven National Laboratory The work was 
performed at the Kurchatov Institute in Moscow, Russia, the Brookhaven National Laboratory, 
New York U S , and Raytheon Engineers and Constructors, Phladelpha, USA 

During the preparation of the JPNAS Final Report, additional Russian data were received and the 
cost assessments and underlying assumphons of the Intern Report were examined and revised In 
addition, data on individual units were received and used to arrive at cost assessments on a per 
reactor bass as opposed to the representative reactor basis of cost assessments in the Intenm 
Report 

The close worlung relatlonshp between Russian and Amencan experts established dmng the 
course of the JPNAS accompamed by the exchange of viewpoints and ideas may be expected to be 
valuable to both countnes for further development of their electnc energy sectors 
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1 4 ORGANIZATION OF THE REPORT 

In Section 2, the current status of the nuclear power sector of Russia is bnefly descnbed Available 
nuclear power plants are listed along with the power pools wth which they are associated, thelr 
reactor model designations, their age, and safety status charactenzed by the Russian regulatory 
requirements to whlch they were designed and built In addition, the contribution of each in terms 
of capacity and electnc energy production to vanous regional gnds is provided 

In Section 3, the six nuclear energy options, examined in the JFWAS, are descnbed 

The methodology employed in identifying safety upgrades to reactors of vanous designs is 
addressed in Sections 3 and 4 In addition, the approach to estimating the costs of implementing the 
options are addressed in Section 4 It is important to note that the safety upgrades are based on the 
recornrnendations for the International Users Group of Soviet Designed Reactors (IUG) developed 
by Russian engineers and published by the World Association of Nuclear Operators (WANO), plus 
some additional safety upgrades including confinement and containment systems 

Observations based on the analysis of the options are presented in Section 5 The data upon which 
these observations are made, i e , cost estimates, were denved for use in an Integrating model rather 
than for purposes of companson These estimates are provided m Tables 6-1,6-2, and 6-3 as well 
as Annex #3 Only with extreme care can such estimates be used directly in malung compmsons 
between options 

In Section 6, the findings of the JPNAS are reviewed and projects for future development are 
identified 

Annexes to the JPNAS Final Report are as follows 

Annex 1 Terms of Reference 

Annex 2 Basic Assumptions on Nuclear Fuel Pnces B s  contams the basic assurnpbons for 
nuclear fuel prices and altemahve scenarios for these pnces to be used in an 
mtegrating model 

Annex 3 Cost Estunate Summary Tables m s  contams the mam results of JPNAS in tabular 
form 

In addition, the followng appendices have been prepared 

Appendix A contains the details of the cost estimating methodology discussed in Section 4 
[Raytheon's Energy Economic Data Base (EEDB)] 
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Amendix B contans the safety upgrades to vmous reactors designs, repowenng of exlstmg 
partially completed nuclear plants to fossil fuel, completion of partially completed 
and construction of new evolutionary nuclear plants 

Appendlx C contains the Russian and U S approaches to decornrnissio~llng nuclear umts 

Auvendix D contalns a Glossary of Acronyms and Abbreviations 

Auuendix E contams the List of References 

Appendix F contains a tabulation of EEDB data entry sheets and decommissio~llng schedulmg 
and activities listings 

Appendix G contalns supporting 1994 WAN0 Reports 

Appendix H contsuns analytical ~nformation regardrng the current and future place of nuclear 
energy in Russla This paper was prepared by Russian experts 

Appendix I contains the complete data set forwarded to the JEPAS for use in the integrating 
models 

Appendix J contains information describing the current nuclear regulatory environment in 
Russia 

Annexes 1,2, and 3 are part of thls Report Append~ces A-J are issued as separate volumes 
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2 0 CURRENT SITUATION 

2 1 CURRENT STATUS OF THE RUSSIAN NUCLEAR POWER SECTOR 

On January 1,1994 there were 9 Nuclear Power Plants (NPPs) wth  29 power u t s  in Russia, then- 
total Installed capacity was 21 242 GW(e), or 10 6% of total installed capacity of the Russian power 
sector In 1993, Russian nuclear power plants produced some 1 1 8 tnllion watt-hours (1 18 TWh) of 
electnc energy 

Several types of power reactors are in commercial operation 

RBMK-1000, a graphte moderated, pressure-tube, low emched reactor rated at 
1000 MWe, designed for on-line refueling (there are two generations of RBMK- 
1000 reactors that differ in some design features and physical parameters), 

VVER-440 (Models V-179 and V-230), a first generation pressunzed water 
reactor rated at 440 MWe, 

VVER-440/213, a second generation pressurized water reactor also rated at 
440 MWe, and 

WER-  1000, a second generation pressunzed water reactor (of the V-187, V-3 3 8, 
and V-320 models) rated at 1000 MWe 

In addtion, a liqwd metal-cooled fast reactor (BN-600) is connected to the Ural gnd and four small 
(12 5 MWe) water-cooled graphte-moderated channel type reactors (EGP-6) operate isolated from 
the gnd in the north of the far eastern portion of Russia 

Of the 29 operating w t s ,  there are 

13 light-water reactor w t s  of the VVER (PWR) type, 
15 channel-type graphte moderated reactor w t s  of the RBMK (LWGR) and EGP types, 
1 fast reactor unit of the BN (LMFBR) type 

The breakdown of total installed capacity by reactor type is given in Table 2-1 

Nuclear power is one of the major electricity sources in the country In 1993, the share of nuclear 
electricity in total electricity generation was about 12 7% However, the importance of nuclear 
power greatly vanes from region to region For example, in the regions mth the most developed 
nuclear power - the North-West, Central and Middle Volga power pools - nuclear shares were, in 
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1993,47 8%, 23 9% and 16 4% respectively 

The current status of nuclear power plants is illustrated in Table 2-2, the typical capacity factors for 
Russian NPPs are given in Table 2-3 In addition to the commissioned plants, the follourlng umts 
are under construction 

Balakovo - u t s  5 and 6 P E R - 1  OOO1s), 
Kallnin - w t  3 (VVER-1 OOO), 
Rostov - unlts 1,2 and 3 (VVER-1 OOO1s), 
Kursk - umt 5 (RBMK-1000) 

2 2 NUCLEAR FUEL SUPPLY 

There are several categones of nuclear materials avalable for fuel m Russia They Include 

Urmum m deposits 
Natural and ennched urmm m stocks 
Depleted urmum as a by-product of the enrichment process 
Urmum and plutomum from spent nuclear fuel 
Plutomum and hghly ennched m u m  fiom nuclear weapons 

At present, only limited data on the quant~ties of these resources are available The 1993 report of 
an OECD NEA and IAEA study1 assesses the quantity of urmum in deposits in Russia as -445 
thousand tonnes (the study considered only the RAR, EAR-1 and EAR-I1 resource categones2) 
According to the current Russlan Nuclear Program3, the quantity of urmum m stocks can be 
assessed as -275 thousand tonnes for a total of -720 thousand tonnes of natural urmum m deposits 
and stocks 

The same OECD NEA and IAEA study assessed the annual consumption of uraum for electricity 
generation in Russia as 4,000 tonneslyear Thus, at the present rate of consumption Russia has 
resources for the foreseeable future One can assume that with the addition of other nuclear 
resources and less certain categories of urmurn deposits, tlus number can become even greater 
The assessment of the resources for nuclear fuel in Russia IS s m m z e d  in Table 2-4 

1 Uranlum 1993 Resources Production and Demand A Jolnt Report by the OECD Nuclear Energy Agency and the 
International Atomlc Energy Agency Chapter on the Russian Federatlon 

L RAR =Reasonably assured resources EAR = Est~mated add~tlonal resources both defin~tlons are as assumed by the 
referred organlzatlons In thelr studtes 

3 Development of the Strategy of the Development of Nuclear Power m the Framework of the Long term Integrated State 
Fuel-Energy Program The Energy Strategy of Russla of the Russ~an Federatlon for the Per~od up to 2010 Phase Development of the Project 
of the Nuclear Power Strategy ln Russ~a MINATOMENERGO RF TsNIIATOMInform No 37810 Moscow 1993 - In Russlan 
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2 3 CURRENT STATUS OF THE IMPLEMENTATION OF SAFETY UPGRADES 

Following the Chernobyl accident additional measures for increasing the reliability and safety of 
Russian reactors were identrfied as a result of safety analyses Some of these measures have been 
implemented, others are in the process of implementation Among those already implemented, the 
most important are the following 

VVER's 
- Upgrades focuslng on ensmng the integnty of the pnmary circuit 

RBMK-1000's 
- A decrease in the positive void reactivity coefficient 
- The tlme to scram the reactor has been sigmficantly decreased by the 

installation of an additional new scram system which has the capability of 
scrarnmng the reactor independently of the scram system as onginally 
designed 

- An increase in the sensitivity of the design scram system 
- The design of the control rods was changed so as to e l m a t e  the possibility of 

an input of positive reactivity for any mode of reactor operation 
- Reactor operating regimes that could lead to extensive void formation were 

excluded 
- Upgrades focuslng on ensuring the integrity of the pnmary clrcuit 

The following safety upgrades are in the process of implementation for both VVER and RBMK's 

Orgmzahonal and technical measures almed at increasing umt operational safety 
improvement of maintenance procedures, re-tralmg of operators, installahon of 
simulators, etc 
Measures to increase reactor plant reliability including the reliability of safety 
systems 
Installation of new diagnostic systems supportmng various safety functions 
Improvements in the level of protection aganst fire and hydrogen explosions 
Enhanced seismic resistance 
Improved radiation safety directed toward reducing radiation exposure of plant 
workers, the general public and the environment 
Improvement in the storage of radioactive wastes and spent fuel 
Improved physical protection 

Implementation of safety upgrades at operatmg nuclear units is performed sequenhally on the basis 
of specific projects 
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One of the maln advantages of the incremental approach is that a large amount of preparation for 
upgrades can be performed dmng m t  operation and the final implementation of the upgrades can 
be incorporated into planned outages Another advantage of the incremental approach is that a 
substantial portlon of these activities can be performed by plant personnel, mmmzmg the need for 
additional personnel and infrastructure In the case of RBMK-1000, upgrades whch cannot be 
performed dmng planned outages are scheduled for penods of planned fuel channel replacement 
For VVER-440, upgrade activities requirmg unit shutdown are scheduled for major overhaul 
penods 

Among the orgmzatlonal and techcal measures the most important was the introduction in 1990 
of the special operatlng regime for u t s  wth the RBMK-1000 and first generation VVER-44Q 
reactors This regime includes the expansion of the surveillance of the integrity of the prvnary 
circuit, annual reassessment of safety of each umt under this regime wth a report to the Russian 
regulatory authonties upon whch authonzation for continued operation is based In addition, other 
orgmzational and techcal measures have been implemented If necessary, changes/exceptions to 
the approved special operatlng reglme may be introduced, provided that the approval of the Russian 
regulatory authority (GAN) is granted 

2 4 NEW RUSSIAN NPP DESIGNS 

Russia has developed several advanced NPP concepts mth enhanced safety features in a program 
analogous to the US advanced reactor program (considered in th~s  study is the 635 MWe NP-5004) 
These innovat~ve concepts, including the 1000 MWt NP-10005, provide a technological basis for 
expansion of nuclear power generation m Russia and for penetration of foreign markets by Russian 
technology In the absence of appropnate organizational and financial support final design and 
licensing of these projects may be delayed 

2 5 FACTORS IN FUTURE NUCLEAR SECTOR DEVELOPMENT 

Other factors that have a sigmficant bearing on the role of nuclear sector development in Russia's 
energy future are 

Energv Secuntv The Divers~fication of the Energv Supplv 
The existence of a nuclear sector prov~des a strong measure of protection against events that might 
threaten the availability and costs of fossll fuel supplies 

4 Slnce December 1994 thls project has been designated the WER-640 however In thls report, the old des~gnatlon (NP 
500) is use! 

Because of financial and schedule constraints the NP-1000 IS not ~ncluded In thls Study 

2-4 
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Environmental Considerations 
In evaluating vanous approaches to generation capacity expansion in the Russian Federation, 
unpacts on the environment must be considered For example, nuclear power does not produce the 
atmosphenc emissions associated with fossil fie1 plants, but ~t does produce hlgh level nuclear 
wastes that require long term storage and there is some nsk posed by accidents These and other 
factors are difficult to quantify and were not Included m the analyses They are an important 
element necessary to determine what generation expansion options are needed 

Infrastructure 
Resources and infrastructure exist in Russia to support the product~on of most nuclear plant 
components required for power plant completion, safety related upgrades, and new plant 
construction 

Reactor Safety 
The upgrades addressed in the JPNAS are designed to substantially increase the level of safety of 
Russian reactors The implementation of such upgrades is likely to increase acceptance of nuclear 
power in Russia by the publ~c and by the international community 
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1 Table 2-1 Structure of the Russlan Nuclear Power Sector on January 1,1994 

Reactor Type 

RBMK-1000 

VVER- 1 000 

VVER-440 

BN-600 

EGP-6 

Number of Unlts 

11 

7 

6 

1 

4 

Share 1n Total Capac~ty, % 

51 8 

33 0 

12 2 

2 8 

0 2 



Table 2-2 Nuclear Power Plants m Russla (Status of January 1,1994) 

Year 
of 

Start up 
1985 
1987 
1988 
1993 
1963 
1967 
1980 
1974 
1974 
1975 
1976 
1984 
1986 
1973 
1974 
1981 
1984 
1976 
1978 
1983 
1985 
1973 
1975 
1979 
1981 
1964 
1970 
1971 
1972 
1980 
1982 
1985 
1990 

Safety Regulat~on Basls 

OPB-73 - OPB 82 
OPB 73 - OPB 82 
OPB-73 - OPB 82 
OPB 73 - OPB 82 

Before OPB-73lOPB-82 
Before OPB-73lOPB 82 
Before OPB-73lOPB 82 
Before OPB-73lOPB-82 
Before OPB 73lOPB 82 
Before OPB-73lOPB 82 
Before OPB 73/0PB-82 

OPB 73 - OPB 82 
OPB 73 - OPB 82 

Before OPB 7310PB-82 
Before OPB-73lOPB 82 

OPB-73 - OPB 82 
OPB-73 - OPB 82 

Before OPB 73/OPB 82 
Before OPB 73lOPB-82 

OPB 73 - OPB 82 
OPB 73 - OPB 82 

Before OPB 73lOPB-82 
Before OPB-73lOPB 82 

OPB-73 - OPB 82 
OPB 73 - OPB 82 

Before OPB-73lOPB-82 
Before OPB 73lOPB 82 
Before OPB-73lOPB-82 
Before OPB 73lOPB 82 

OPB-73 - OPB 82 
OPB 73 - OPB 82 
OPB-73 - OPB 82 
OPB 73 - OPB 82 

Planned Shutdown 
Date 

2015 
2017 
2018 
2023 

shutdown ~n 1980 
shutdown ~n 1989 

2010 
2004 
2004 
2005 
2006 
2014 
2016 
2003 
2004 
201 1 
2014 
2006 
2008 
2013 
2015 
2003 
2005 
2009 
201 1 

shutdown ~n 1984 
shutdown ~n 1990 

2001 
2002 
2010 
2012 
2015 
2020 

Capaclty 
(gross) 
MWe 
1000 
1000 
1000 
1000 
100 
160 
600 
12 
12 
12 
12 

1000 
1000 
440 
440 
440 
440 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
210 
365 
417 
417 
1000 
1000 
1000 
1000 

Pro~ect 
Code 

V-320 
V 320 
V 320 
V 320 

V 338 
V 338 
V 230 
V 230 
V 213 
V 213 

V 179 
V 179 
V-187 

Safety 
Generat~on 

2 
2 
2 
2 
1 
1 
I 
1 
I 
1 
I 
2 
2 
1 
1 
2 
2 
I 
1 
2 
2 
1 
I 
2 
2 
1 
1 
1 
I 
2 
2 
2 
2 

Un~ts 

1 
2 
3 
4 
1 
2 
3 
I 
2 
3 
4 
1 
2 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
5 
1 
2 
3 

Power Pool 

Mlddle Volga 

Ural 

Isolated 

Center 

Northwest 

Center 

Northwest 

Center 

Center 

No 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Reactor 1 ype 

VVER 1000 
VVER 1000 
VVER 1000 
VVER 1000 
AMB 100 
AMB 160 
BN 600 
hGP 6 
CGP 6 
CGP 6 
EGP 6 

VVER 1000 
VVER 1000 
VVER 440 
VVER 440 
VVER 440 
VVER 440 

RBMK 1000 
RBMK 1000 
RBMK 1000 
RBMK 1000 
RBMK-1000 
RBMK 1000 
RBMK 1000 
RBMK 1000 
VVER 213 
VVER-365 
VVER 440 
VVER 440 
VVER 1000 
RBMK 1000 
RBMK 1000 
RBMK 1000 

NPP Denom~nat~on 

Balakovo 

Beloyarskaya 

B ~ l ~ b ~ n o  

Kal~n~n 

Kola 

Kursk 

Len~ngrad 

Novovoronezh 

Smolensk 



Table 2-3 Capacity and Operat~on Time Factors for Russian NPPs m 1993 

* 
Balakovo-4 was c o m m ~ s s i o n e d  i n  December, 1993, full power was reached at the b e g i n n i n g  of 1994 

No 
1 

2 
3 

4 

5 

6 

7 

8 

9 

NPP Deno~n~nat~on 
Balakovo 

Beloyarskaya 
B ~ l ~ b ~ n o  

K ~ ~ I I I I I I  

Kola 

Kursk 

Leo~ngrad 

Novovoronezh 

Smolensk 

TOTAL 

Un~ls 
I 
2 
4 
4 

Total 
3 
I 
2 
3 
4 

Totil 
I 
2 

Total 
I 
2 
3 
4 

Total 
I 
2 
3 
4 

Total 
I 
2 
3 
4 

Total 
3 
4 
5 

Total 
1 
2 
3 

Total 

Power Pool 
M~ddle Volg? 

Urll 
lsol?ted 

Center 

Nortllwest 

Center 

Nortl~west 

Center 

Center 

Reactor Type 
VVER 1000 
VVER 1000 
VVER I000 
VVER 1000 

BN 600 
EGP 6 
EGP 6 
EGP 6 
EGP 6 

VVER 1000 
VVER 1000 

VVER 440 
VVER 440 
VVtR 440 
VVER 440 

RBMK lob0 
RBMK 1000 
RBMK 1000 
RBMK 1000 

RBMK 1000 
RBMK 1000 
RBMK 1000 
RBMK I000 

VVER 440 
VVER 440 
VVER 1000 

RBMK 1000 
RBMK 1000 
RBMK 1000 

Project 
Code 
V 320 
V 320 
V 320 
V 320 

V 338 
V 338 

V 230 
V 230 
V 213 
V 213 

V 179 
V 179 
V 187 

Capac~ty 
(gross) MWe 

1000 
1000 
1000 
1000 
4000 
600 
12 
12 
12 
12 
48 

1000 
1000 
2000 
440 
440 
440 
440 
1760 
1000 
1000 
1000 
1000 
4000 
1000 
1000 
1000 
1000 
4000 
417 
417 
1000 
1834 
1000 
1000 
1000 
3000 

21242 

Caplc~ty Factor 
~n 1993 % 

40 
45 
54 
50 
65 
80 
6 1 
60 
62 
75 
6 1 
65 
59 
70 
56 
61 
7 1 
79 
67 
57 
57 
70 
7 1 
64 
8 1 

89 
84 
64 
5 1 
74 
72 
69 
78 
82 
83 
81 
67 

Operat~on Trine 
Factor ~n 1993 % 

47 
47 
62 
90 
62 
8 1 
85 
8 1 
82 
79 
82 
67 
79 
73 
64 
73 
78 
94 
77 
93 
84 
74 
75 
8 1 
84 

9 1 
89 
66 
67 
82 
85 
78 
80 
86 
85 
83 
76 
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3 0 ASSESSED NUCLEAR OPTIONS 

3 1 INTRODUCTION 

The work was structured on the assessment of six Ophons for the Russian nuclear sector whch had 
been developed from the Terms of Reference (TOR), see Annex 1 They are as follows 

Option 1 Provide safety upgrades to w t s  wth  the RBMK-1000 and first generation 
WER-440 reactors to allow operation unhl the end of service life at a safety level 
acceptable to the West 

Option 2 Decommission umts wth the RBMK-1000 and first generation VVER-440 reactors 

Option 3 Repower the partially completed Rostov-1, a VVER-1000 reactor, as a fossil he1 
plant 

Option 4 Complete the parhally completed Kalim-3, a VVER-1000 reactor, w th  safety 
upgrades to allow operation at a safety level comparable to the West 

Option 5 Provide safety upgrades to operating m t s  wth  the VVER-1000 and VVER- 
440/213 reactors to p e m t  operation of these reactors at reduced levels of nsk 

Option 6 Bwld a new generation evolutionary power plant NP-500 

For options that include safety upgrades (options 1,4, and 5), the JPNAS operationally defined, for 
the purposes of t h s  study, a set of upgrades that ralsed the level of safety at the associated NPP's 
and that might be acceptable to potential investors 

One of the major objectives of the JPNAS was to estlmate the cost of selected safety upgrades 
for Russian NPPs that increase the level of safety The set of upgrades included the followng 

A subset of the upgrades developed by the Russian engmeers for the International Users 
Group (IUG) of Soviet Designed Reactors and published in a March 1994 report prepared 
for the World Association of Nuclear Operators (WANO) that mcludes all the upgrades 
directly associated mth reactor and plant safety' 

1 It should be noted that the major part (>as%) of the IUG set are directly associated w~th reactor and plant safety 
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The implementation of confinement/containment systems for RBMK-1000 and first 
generation VVER-440s 

Certain additional engineering studies fiom the current Russian program to identify 
upgrades not included in the two previous items Referred to hereafter as "upgrades beyond 
WANO" (considered in more detail in section 4 1 2) 

The major measures for the safety enhancements of these nuclear power plants have been 
categonzed on the basis of the specific plant elements which they address 

Integnty of the pnmary loop 
Reduct~on of control transients 
Integnty of the contanmentfconfinement 
Protection fiom fires 
Accident management 
Methods, studies, and procedures 

In the paragraphs whch follow, the six options mentioned above are descnbed in more deml Note 
that no attempt is made to compare one option wrth another Such compmsons can only be made 
in the context of the results of the integrating model for the power sector 

3 2 SAFETY UPGRADES TO RBMK's AND FIRST-GENERATION VVER-440 
REACTORS 

The mimmal upgrades for the RBMK-1000 and first generation VVER-440 reactors are specified 
in the WANO Reports entitled "Improvement of RBMK-1000 Nuclear Power Plant Safety" and 
"Improvement of VVER-4401230 Nuclear Power Plant Safety" published in March 1994, in 
particular, in Chapter 3 of these reports "Major Measures on Safety Enhancement to be 
Implemented m the Future" Ths  report descnbes major tasks that would enhance the safety of the 
RBMK-1000 and first generation VVER-440 reactor u t s  These tasks are descnbed m Appenhces 
BandG 

For m t s  wth RBMK-1000 reactors, these tasks include replacement of fuel channels as discussed 
in Chapter 2 of the WANO report The Russian operators of these reactors consider RBMK fuel 
channel replacement to be planned mantenance (equipment replacement) and not strictly a safety 
upgrade 

At the request of the U S experts containment systems were evaluated m the JPNAS They are 
discussed more fully in Section 4 1 3 
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3 3 DECOMMISSIONING OF RBMK-1000 AND FIRST GENERATION VVER-440/230 
REACTORS 

Two approaches, referred to as the Russian approach and the U S approach, were considered for 
thls option Both approaches used techcal data provided by Russian experts 

The Russian approach to the decomrmssionmg process formed the estimating basis for the JEPAS 
T h s  approach assumes a long-term safe storage of the plant until the tune of final dismantling 

The Russian approach is based on Russian studies tempered by maintenance, repsur, and 
replacement expenence As such, lt reflects decomrmssionmg procedures that regulatory and uhlity 
organizations find acceptable in the Russian Federation today 

The specifics of the approach to decommissiomng in Russia lie wth  the current GAN decision 
which states that the unit is considered to be in operailon as long as spent fuel remains at the m t  
In the absence of detaled regulatory gmdance, lt was assumed that the w t  operational staffing is 
maintained for the time between m t  shutdown and the beginning of decomm~ssionmg An 
allowance for social costs, in accordance with Russian laws and practice, was included into the 
decomrnissiomg costs 

The U S approach was included in this study at the request of the U S experts Ths  approach is 
based on a process of decommlssiomng characterized by immediate full plant dismantling 

The U S approach is based on the results of U S studies tempered by the evolutionary effects of 
actual expenence As such, it reflects decommlssiomng procedures that regulatory and utility 
orgmzahons find acceptable in the U S today Social costs of decornrmssiorung were assessed in 
the same way for both the U S and Russian approach 

The U S approach to decommissiomng Russian nuclear power plants was developed as a 
hypothetical case, on the bass of nuclear regulation, financial con&tions and the technology base 
exlstlng m the U S Th~s resulted in differences between the costs of Russian and U S approaches 
to decommissiomng However, there are large techcal uncertainties for both approaches, for 
example, the handllng of the irradiated graphrte from RBMK's The impact of such uncertsunties, 
in terms of cost and durations, is different for the US and Russian approaches Therefore, dlrect 
quantitative cornpanson of the respective overall cost estimates is not justified and neither approach 
can clam to be optimal However, the US approach was used as a change case in the system 
analysis to test for the sensitivity to decommissiomng costs 
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3 4 REPOWFiRING ROSTOV-1 AS A COAL FIRED PLANT 

The Rostov slte was selected by the JPNAS experts as a representative repowenng site for the 
purposes of ths  study The Rostov site was imtially planned as a four-umt VVER-1000 NPP, 
however, the plant construction has been discontinued Unlt 1 IS approximately 95 percent 
complete, while Umts 2,3, and 4 are only about fifty, ten, and five percent complete 
respectively The site, installed systems and equipment have been maintained by the plant staff 
since construction at the plant was halted 

The assessment of repowering Rostov-1 as a coal fired plant was premised on the maximum use 
of the equipment already installed The basic concept involves produc~ng supercntical steam m 
fossil heled boilers to dnve additional h~gh pressure topping turb~nes The exhaust steam flow 
from t h s  system is cooled so as to match Inlet conditions of the turbine of the partially 
completed nuclear unit The combined output of the generators driven by the topping turbines 
and those driven by the turbine of the partially completed nuclear plant is approximately 1500 
MWe Thus, the repowered plant provides a total generating capac~ty of approximately 150 
percent of the VVER- 1000 

To implement the repowenng, substantial development of fossil fuel resources and railroad 
capacity would be requlred In the case of coal, h s  would include site development for coal 
storage and ash disposal The JPNAS has not estimated the costs associated wth t h ~ s  
infrastructure development 

3 5 COMPLETION OF THE KALININ-3 VVER-1000 

Ths option involves completing the construction of Kalinin-3, a VVER-10001320 plant, whch is 
reportedly 75 percent complete It is assumed that construction wl l  be restarted &er a period of 
inactivity Ths  penod of inactivity was assumed to be at least two years m duration, long enough 
to require some rework of certam plant systems and structures It is anticipated that the plant could 
be completed with sufficient safety upgrades to permit operation at reduced levels of nsk 

3 6 SAFETY UPGRADES TO OPERATING PLANTS WITH VVER-1000 AND 
VVER-44012 13 REACTORS 

These safety upgrades involve the modification of operating VVER- 1 000 and VVER-44012 13 
reactors so that they may operate at a reduced level of risk Recommendations of the followng 
IUG reports constitute the basic set of upgrades 1) "Improvements of VVER-1000 Nuclear Power 
Plant Safety", dated March 1994, and 2) "Improvements of VVER-44012 13 Nuclear Power Plant 
Safety", dated March 1994 
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3 7 NEW EVOLUTIONARY NUCLEAR POWER PLANT NP-500 

The NP-500 is one of Russia's evolutionary nuclear power plants wth a medium power reactor 
rated at 1800 MWt and a gross output of 635 Mwe The NP-500 is belng designed to have a hgher 
level of safety than nuclear power plants currently operating in the Russian Federation Th~s  is 
acheved by applying passive safety systems and provid~ng a double protective contamment shell 
These features are clamed by the designers to decrease the probability of severe accidents by 2 to 
3 orders of magnitude m comparison with operating nuclear power plants, such as the 
WER-440/2 1 3 and the VVER- 1 000 
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4.0 METHODOLOGY 

4 1 REACTOR SAFETY 

This section discusses the approach taken to identify, for cost estlmatrng purposes, those safety 
upgrades required so that specified Soviet designed reactors may be operated at Increased levels of 
safety 

4 1 1 Safety Upgrades Beyond WANO 

Additional safety upgrades beyond WANO considered by Russian and Amencan experts were 
assessed A majonty of them are presently Included in Russian plans for safety upgrades Some are 
currently belng implemented at various NPPs 

Upgrades to cope wth "Station Blackout" 
Provisions to safely manage Anticipated Transients Without Scram (ATWS) 
Interactions between the plant and the gnd (measures to protect the plant from transients 
or functional degradation on the grid) 
Additional safety upgrades that address common cause falure 
Environmental qualification (assurance that the capability of safety-grade equipment and 
certan other systems and components function as required under accident conditions) 
Performance of a comprehensive set of accident analyses that will support current safety 
upgrade proposals and identify additional upgrades, if any 
Additional fire protection measures 
Addressing long-term cooling capabilibes 

The above set is not comprehensive, nor does each upgrade apply to all reactor types Some of these 
upgrades requre engmeemg stuhes only, others requre engineering studies whch may or may not 
present a rationale for additional construction or eqmpment installation Some of these stules have 
been costed in the JPNAS 

4 1 2 Confinement/Containment Function Systems 

The contamment function is not explicitly referred to in the recommendations for the IUG For the 
purposes of thls study, three co~nement~contsunment systems were conceptually designed and 
costed These were 

1) a US style containment system for RBMK-1000 and first generation 
VVER-440 reactors, 

2) a jet condenser pressure suppression system and a metal confinement 
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structure of Russian design over the operating floor for RBMK-1000, 

3) a jet condenser pressure suppression system wth  some additional 
confinement elements for the first generation VVER-440 reactors 

Note that for the first generabon WER-440 the exlstmg confinement is considered adequate by the 
Russian experts However, they consider it necessary to improve the pressure wthstanding 
capability of the sealed rooms and implement other measures 

Note that risk is not only reduced by design measures, but also by operaQonal improvements 
Therefore, the Russian safety program includes measures amed at improving operation and 
mamtenance, quality control, diagnostic methods, administrative controls, personnel qualifications 
and traimg, and periodic safety assessments 

The construction of a U S style contsunrnent at either an RBMK-1000 or a first generation 
WER-440 would be technically feasible but very costly because 

1 )  extensive safety-related equipment relocation, 
2) a new Seismic Category I structure to house the relocated 

equipment, 
3) demolition of part of the existing rectangular reactor building to 

make way for a cylindrical containment, 
4) incremental tunneling and reinforced concrete and steel lmer 

placement beneath the reactor bwldmg to provide a contamment mat 
and a continuous final fission product b m e r  (liner) 

For first generation VVER-440 the jet condenser would be effective for the large LOCA according 
to the Russian experts Also according to Russian experts, for the RBMK-1000 t h s  same 
conceptual design should be able to withstand the loss of one prpe mmfold The VVER-4401213 
reactor design incorporates a bubbler condenser tower, whch is one element of the safety systems 
for accommodating a large break LOCA 

4 2 APPROACH TO COST ESTIMATION 

4 2 1 Introduction 

A US developed Energy Econormc Data Base (EEDB1) was utilized as a basis and format for 
developing the cost estimates that were reqmred for ths  study The EEDB was selected for t h ~ s  

1 EEDB ma~nta~ned by Raytheon Engineers and Constructors Inc 
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purpose because of its m q u e  capability to acheve consistency and comparability in a vmety of 
cost estimates for dissimilar scenarios 

The EEDB cost data models are quantity (matenals and related installation hours) dnven, reflecting 
the specific design features of the U S power plants represented by the techmcal data models The 
EEDB technical data models are based on historical power plant designs Addibonally, the data 
models have been periodically checked aganst actual field data to assure compabbility urlth current 
U S technical practice and cost expenence 

The direct costs are est~mated in terms of quanhties of commodities, equpment and installation 
labor that reflect the design features of the power plant of interest Costs are developed from the 
estmated quanbbes based on actual design features, or adjustments of quantities for representative 
or similar design features found m the data base 

There are two types of estimates m the EEDB Detailed and Summary Detailed cost estimates are 
based upon a technical data model compnsing over 50 major structure/systems and up to 400 
subsystems Each detalled tecbcal  data model includes system design descriptions, engineenng 
drawmgs, mlestone schedules and a detaled equipment list The equpment list contams up to 1250 
mini-specifications and up to 10,000 data l~nes of plant bulk commodities, equipment and labor 
hour quanbties and costs Summary cost estimates are based on abbreviated techrucal data models 
at the 50 major structure/system level of detail 

4 2 2 Cost Estimating of JPNAS Options 

The cost estimating process began by selecting US based reactors to approxlrnate Russian designs 
An EEDB costlng model of an 1144 MWe, Four-Loop PWR NPP was used as a starting point m 
estimating the costs of provid~ng safety upgrades RBMK-1000, VVER-440 and WER-1000 
reactors and for completing Kalinin-3 

The cost estimate for the evolut~onary NP-500 reactor was based on an EEDB model for a 587 
MWe Two-Loop Pressurized Water Reactor Nuclear Power Plant 

The estimate of direct costs for repowenng Rostov-1 is based on actual cost expenence of a US 
contractor for repowerlng the Zirnrner plant in the U S The cost of major equipment items was 
verified by obtaining pnce quotations from U S manufacturers Total direct costs were further 
venfied by scaling estimated costs of a fossil plant of similar design in the EEDB The estimates 
from the EEDB were in agreement with the cost experience for the Zimmer plant Indirect costs 
were estmated on the basis of expenence incorporated in the EEDB Inhrect costs were assessed 
on the basis of US contractor expenence incorporated in EEDB 

All of these cost estimates were converted from a U S basis to a Russian basis as described in 
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Section 4 2 5 of th~s  report 

4 2 3 Decommissioll~ng Costs 

Decomrmssiomng costs have two principle components Direct Impact Costs and Socio-Econormc 
Costs Note that these costs are hghly interdependent when a decomrnissiomng strategy includes 
the goal of m a m t w g  hgh  employment levels at the plant, &rect impact costs wl l  be hgher and 
social costs lower Direct impact costs include costs of all on-site and off-site activities dlrectly 
associated wth the decomrmssiomng process Costs not directly associated mth decommissiomng 
such as those related to meeting regulatory requlrements, operating the spent fuel storage facility 
and others have been estimated and are reported separately in Appendix C 

For RBMK-1000 and first generation VVER-440 NPPs there is a need to install a waste 
processing/storage facility In addition, RBMK-1000's require a spent fuel storage facility pnor to 
actual decornmissio~llng (VVER-440's do not have the requirement) Ths is a consequence of the 
insufficient size of an on-site spent fuel storage facility to accommodate the decomrmssionmg 
process The costs of those facilrtles were accounted for in both the Russian and U S approach to 
decommissioning 

Two decommiss~omng scenarios are considered for each decommissioning approach 

Planned - reactor is shutdown at the end of servlce life (EOSL) 
Early - reactor is shutdown 5 years prior to EOSL 

The duration of activities and their manpower resource requirements formed the basis for the 
present estimate The Russian experts developed the definition of the decomrmssiomng phases, 
their duration, the outline of activities for each of the phases and the man-power requlrements for 
each activlty The period after the final w t  is shut down is divided Into three sequential phases 
preparation for decomrmss~onmg, preparation for a long-term safestore and the long-term safestore 
itself (similar to the U S type process with long-term safestore) A detailed description of the 
phases is provided in Appendix C 

The cost estmation for the Russlan approach assumed the following breakdown of major activiaes 
into phases 

Phase 1 construction of spent fuel facility (RBMK-1000 only), construction of liquid and solid 
radwaste processing facilities, processing of accumulated operational radwaste, decontarmnation of 
equipment and facilities, site charactemahon study is performed to address physical inspection and 
radiological mspection The phase durahon is 3 and 5 years for planned and early decomrmssiomng 
respectively 
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Phase 2 Disassembly of equipment and systems (exclu&ng the reactor vessel), localization of 
reactor in place, processing of l~quid and solid radwaste, facility decontarmnation and preparation 
for use as temporary storage, storage of spent fuel and radwaste The phase duration is 5 years for 
both planned and early decomm~ssioning 

Phase 3 Custodial activihes associated wth spent fuel facility operation, radwaste storage, and 
localized equipment, systems and structures The phase duration IS 30 years for both planned and 
early decornrnissiomng 

The U S approach differs from the Russian approach in that it provides for decontammation to be 
followed immediately by full scale equipment removal without the safe storage phase (Phase 3) 

The approach to the assessment of socio-economic costs was the same for both approaches The 
cost dnvers considered in this study for the estlmate of socio-economic costs are as follows 

Staffing levels at the units during normal operation 
Staffing levels at the unit d u n g  varlous decornrmssiomng phases 
The duration of the decommissio~llng broken down into phases 
Town site demographcs 
Costs of retralmng, relocating, and continued compensation 
Allowance for living accommodations at new location 

The extent of the social obligation considered m this study is Identical in large measure mth those 
proposed by the Russian Federation Government for social programs for workers in coal and stnp 
mlnes and mmng towns that were stated for shutdown It is also sirmlar to the social guaranties and 
compensation given to workers laid off from enterpnses named in labor legislation and m the 
Russian Federation law on "Employment of the Populace in the Russian Federation " 

For social costs, 50 percent of workers and townspeople that would be lsplaced by 
decommissioning were assumed to be transferred to other facilities The transferred people were 
assumed to be provided with moving expenses only The other 50 percent were assumed to be 
provlded wth additional benefits, such as retrainmg, severance pay and apartment allowances One 
notable exception pertains to early decommissiomng All personnel and prorated town's people 
displaced at the reactor shutdown time (Phase 1 only) are assumed to receive full benefits 

In some cases, substitute heat sources for distnct heating w11 be requlred when NPPs are shutdown 
for decommissioning These costs have not been estimated in the JPNAS 

Not considered in th~s  study is the construction of additional nuclear generating capacity at the site 
or in the vicinity of a decommissioned reactor umt T h s  scenano would mitigate or completely 
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eliminate the socio-economic cost since the vast majonty of personnel employed at the 
decomrmssioned NPP would be able to work at the new generating station 

4 2 4 Fuel and Non-Fuel Operation and Maintenance (O&M) Costs 

Three nuclear fuel costs were estimated on the basis of one set of common assumptions and three 
sets of specific assumphons The fuel costs are identified as maximum, average and mllvmum The 
average cost is used m the reference case of the JEPAS integrating model, whle the maximum and 
mirnmum costs are used in the sensitivitylchange cases The general assumpbons and the specific 
underlying assumptions of each cost are provided in Annex 2 

Non-fuel O&M costs were denved on the basis of applying the U S Department of Energy (DOE) 
methodology using input staffing tables provided by the Russian experts for each reactor type 

4 2 5 Conversion of U S Based Cost Estimates to a Russian Basis 

The EEDB methodology reflects U S construction practices, wages, equipment costs and 
commodity pnces Thus, it is necessary to establish adjustment factors for converting the economic 
conditions reflected in the EEDB to Russian economic conditions and construcbon practices 

Two systems of converting the assessed U S costs into the Russian conditions were developed in 
the study As the methodology of JPNAS proceeded fiom the assumphon of the necessity of the 
conversion procedure, JPNAS has put an effort to develop such a procedure fiom the very 
beginning of the study The results of simlar developments by the Russian Energy Research 
Institute (ERI) for the JEPAS became available in August 1994 The major d~fference in the 
development of the conversion factors is that the JPNAS developed average factors for the whole 
penod under consideration whle the JEPAS factors change explicitly mth bme It was decided to 
apply the factors developed by ERI for the JEPAS as the reference case and the factors developed 
by the JPNAS as a case for sensitivity analysis 

The recomrnendabons reached in the analysis of the JPNAS are based mostly on ~ntuitive judgment 
and the followng assumptions 

1 The cost of engineering services reflects an average U S rate of $ 3 5 h  (January 1994) 
excluding overheads and profit 

2 Russian Engineering costs are based on the Emst & Young Moscow Salary Survey of 
January 1994 

3 Social Costs normally provided for in Russia, such as housmg, medical care, schooling, etc 
are not reflected in any compmsons of cost 



JPNAS Report May 95 Sectzon 4 

4 The factors for equipment and materials (other than concrete and structural steel) assume 
that the Russian economy w11 continue to change in the direction of market based pncing 
and wl l  eventually be as competitive as the world market 

5 Concrete and structural steel are assumed to be hgher in cost due to demand of 
infrastructure and houslng construction 

6 It is assumed that the Kallnin 3 Station construction data reflects typical construction 
manpower staffing levels and that no major "off-site" construction is included, 1 e logishc 
infrastructure, gravel pits, processing facilihes etc Direct and indirect labor productivities 
are based on a dlrect compmson of actual total project man-hours for the construction of 
Kalimn units 1 and 2 and the EEDB estlmate for a s~milar project 

7 Construction labor cost compmson assumes that the relationshp between average labor 
cost and cost of construction labor will remain the same as in the past (construction 30% 
hgher) 

8 For professional services is was assumed that this sector of the labor market would most 
readily adapt to a more independent employment approach and be less dependent on 
government support 

9 The factor for construction labor salmes is based on a highly speculative value for average 
labor costs in Russia of 256 000 RbNonth (January 1,1994) 

The JPNAS factors are prov~ded m Table 4-1 The factors obtamed by ERI for the JEPAS for 1994 
are presented in Table 4-2 Note that the cost of labor in Table 4-2 includes not only salary but all 
requed labor expenditures These factors represent the ratios of the stated parameters (pnces and 
labor productivity) for Russia to the United States 

4 2 6  Cost Contingency 

The amounts in the row marked "contingency" in the tables of Annex 3 are added to the base 
construction cost (BCC) estimate to ensure a pre-selected confidence level of "no-cost-overrun", 
i e , that the BCC plus the contingency will not be exceeded It reflects the uncertsunty of the 
estlrnator of the BCC In thls respect ~t is only partially analogous to contingencies whch are 
included in a bid for, say, a construction contract where the contingency reflects an element of 
uncertanty but is strongly constrained by anticipated competition from other bidders2 

Note that in the tables, contingencies range from a high of about 30 percent to a low of 10 percent 

2 Cont~npncies are based on the EPRI Techn~cal Asslstance Gu~de 
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While contlngencles remain largely subjectwe, the EEDB provldes guidelmes and procedures for 
arnvlng at contingency values 
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Table 4-1 JPNAS Factors for Convertmg a U S Cond~trons Cost Est~mate to a Russ~an 
Cond~t~ons Cost Est~mate 

Table 4-2 ERI Factors for Converting a U S Cond~t~ons Cost Est~mate to a Russ~an 
Condit~ons Cost Est~mate for 1994 

Convers~on Item 

Equ~pment 

Concrete 

Structural Steel 

Other Commodi~es 

Dlrect and Ind~rect Labor 
Productlvlty 

Professional Serv~ces 

Construction Labor 

Factor 

0 70 

1 00 

0 55 

0 70 

2 50 

0 15 

0 10 

Convers~on Item 

Equipment 

Construction Materials 

Metals 

Labor 

Factor 

0 50 

0 70 

0 75 

0 10 
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5 0 COST EVALUATION RESULTS AND OBSERVATIONS 

5 1 INTRODUCTION 

One of the major objectives of the JPNAS was to develop cost estimates for Russian nuclear power 
plant (NPP) options discussed in Section 3 

These estimates have been prepared to provide data essential to the operation of an mtegratmg 
model, i e , an integrated resources plan and the relevant investment requirements They do not 
cover all of the cost elements required as input data for an integrating model Consequently, these 
estimates in and of themselves are not useful for detemmng optimum choices from the group of 
considered alternatives 

A total of 69 ovemght base construchon cost (BCC) estunates were prepared to support the JPNAS 
Final Report They are given in Annex 3 (in bnef) and Appendices B and I (m detail) 

An "ovemght" cost estmate is one whch assumes that the plant construction or decornmiss~omg 
activities occur at once, thereby accrulng no mterest The advantage of tlus approach is that the 
estlmates are not encumbered wth  arbitrary or controversial me-related factors The disadvantage 
is that estimates havrng varying time-lines may be inadvertently compared on an equal basis 
w~thout the time relationslup to costs being taken Into consideration 

In addition to providing BCC estimates, operating and maintenance (O&M) costs of the existing 
and new nuclear power units were estimated 

5 2 COST ESTIMATE TABLES 

The BCC and O&M costs were estimated as constant January 1, 1994 U S dollars They are 
summanzed m the tables m Annex 3 Separate estlmates based on conditions that preval m the U S 
and on Russian conditions are provided 

For convemence, the tables presentmng BCC est~rnates m Annex 3 are separated into three separate 
parts as follows 

Part A BCC in thousands of constant 01/01/94 U S  dollars, including direct, 
indirect, owner's and contingency costs, in an Energy Economic Data Base 
(EEDB) major systern/structure code of accounts 
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Part B The same costs as in Part A expressed as a percentage of the total BCC 

Part C The same costs as m Part A expressed as dollars per gross lulowatts, elecbxc 
($/kWe) 

Whlle the summary ovemght BCC may be found in Part A, cost dnvers may be identified m Part 
B and the costs normalized to capacity and activity duration may be reviewed m Part C 
Additionally, the last line of the A and C tables show the Present Worth of the BCC wth  
Contingency, also in gross $/kWe In addition, two cost estimates for the Russian conditions are 
given based on the JPNAS and the JEPAS factors 

The costs in the tables are presented as maximum and miumum estimates The maximum 
assessment for each option is the maximum cost of upgrade mplementation among all the units 
considered A simlar definition is used for the m m u m  estimates 

The O&M costs are presented in terms of Fixed and Vanable costs Fixed costs are those which are 
independent of the units output, such as staff salaries, and are given in dollars per hlowatt-year 
($/kW-yr) Vanable costs are those whch vary with the unit's output, such as expendable supplies, 
and are given in milIs/lulowatt-hour (mills/kWh) 

5 3 COST ESTIMATE BASES 

5 3 1 Base Construction Costs 

The costs were first developed by US experts from EEDB detailed data models (U S basis), then 
modified by detsuled techcal data provided by Russian experts to reflect actual Russian NPPs, and 
finally converted to Russian conditions, based on the conversion factors found in Tables 4- 1 and 4- 
2 in Secbon 4 

In the summary tables, the BCC are the sum of the Direct Costs and the Indirect Costs The Direct 
Costs are summanzed in the tables in Annex 3 as total Equipment Cost, Labor Hours, Labor Cost 
and Matenal Cost 

For each system or facility the followmg procedure for direct cost estmation was implemented 

1 U S experts selected the design prototype for the system/facility from the 
EEDB 

2 the prototype parameters such as mass, size, capacity etc were refined and 
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corrected on the basis of detaled techca l  information provided by the 
Russian experts 

3 the cost estimation of the system/facility was computed on the basis of the 
corrected parameters 

For each mt the Indirect Costs, Owner's Costs, Conhngencies and "Totals" were calculated for the 
Dlrect Cost in accordance with EEDB procedures and methodology Indlrect Costs were calculated 
by taIung into account magmtude and type of construchon, craft labor requinng supervision, 
engineering costs and construction duration The Owner's Cost and contingency for each w t  are 
calculated as a percentage of the BCC, The percentages were taken from the EPRI 1993 Techcal  
Assessment Guide 

The estimates were based on actual and planned nuclear power units located at seven current sites 
and two future sites in Russia The specific data for the individual umts were provided by the 
Russian experts The economies associated with multiple u t s  on a single plant site were 
considered and are reflected in the cost estimates 

5 3 2 O&M Costs 

The Non-Fuel O&M costs were developed on a Russian basis from EEDB procedures and data 
These costs were based on detailed unit staffing levels provided by the Russian experts and an 
estunated relahve allowance for expendable matenals The non-fuel O&M costs were developed in 
terms of both Fixed and Vanable costs It was agreed among the JPNAS (Russian and Amencan) 
experts that the large staffs at Russian w t s  could absorb the additional O&M work resulting from 
exercise of the vanous operational ophons, mthout a staff increase As a result, no change occurred 
in the non-fuel O&M costs after application of a JPNAS operational option to an existing unit 

The Fuel costs were developed by the Russian experts The costs and methodology used in denving 
them are found in Annex 2 

5 4 CONSTRUCTION SCHEDULES 

This section discusses the bases on which construction schedules were developed to support the 
cost estimation efforts and the establishment of cash flow information 

5 4 1 Schedules for the Operational Options 

Construction schedules for all options were developed from the Amencan and Russian experts' 
expenence and EEDB data and approach These schedules, based on a continuous construction 
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durabon, formed one of the essential bases for the calculation of each option's indirect cost and 
were used in the Integrating model 

The actual approach to the ~mplementation of safety upgrades for Russian NPP's are dscussed m 
more detail m Section 2 3 

The construction durabons, including the u t  shutdown and construction times, for all options are 
provlded at the bottom of the cost estimate tables in Annex 3 

5 4 2 Schedules for the Decommissioning Option 

Durabons for planned and early decommissiomng were developed by the JPNAS experts based on 
Russian data Planned decommiss~onrng was assumed to start at the mt ' s  end-of-service-life Umts 
which needed to be shut-down to implement upgrades had their end-of-service-life date extended 
by the duration of the upgrade shut-down period There are many possible scenarios for early 
decomrmssio~llng As a result of the scope of th s  study, only one early decommissionmg scenario 
was assessed In t h s  scenmo, early decommissioning was arbltrmly assumed to start five years 
pnor to the end-of-service-life The d~fferences between the estimates, 1 e , the incremental costs of 
decommission~ng, are relatively modest The resulting decommissiomng imtiation dates and 
estimated durations are summanzed in the tables in Annex 3 

5 5 COST ESTIMATE OBSERVATIONS 

Based on the technical and cost evaluations performed in the JPNAS, the following observations 
need to be noted 

5 5 1 General Considerations 

D~strict Heating RBMK-1000 and VVER-440 NPP units supply heat for distnct heating When 
they are decomrmssioned or shut-down for upgrading (e g , to install the c o n t m e n t  function), 
depending on the existence of other heat sources at the site, an alternative distnct heatlng source 
may be required No cost allowances for such alternative sources have been mcluded in any of the 
JPNAS cost estimates 

S ~ t e  Cond~tions No allowance was made in any of the BCC for extreme meteorological or 
geological condibons exlstmg at a m t  site (e g , the Kola site, which IS North of the Archc Circle) 
It was assumed that any atypical costs that mght result because of such conditions would be 
sufficiently moderate that they would be covered by the unit contingency allowance 
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Higher BCC of a First-Unit-on-Site Users of the BCC data should be aware that the JPNAS cost 
estimating ground rules may cause the first unit on a site to have a higher cost than other units on 
the same slte Ths situation may occur for two reasons 1) costs of common site facilities (e g , 
addihon of a site rahahon monltonng system) were charged to the first umt (Umt I), and 2) multi- 
unit cost savings were applled to Units 2, 3 and 4 as appropnate Therefore, users of tlvs data 
cannot reject the Umt 1-2 costs in favor of the Umt 3-4 costs on a four-urut site, in order to make 
use of the lower costs associated with the Unit 3-4 par  Multi-mt cost savings were applied 
where modifications or construchon were identical for two or more m t s  

5 5 2 Safety Upgrades for Units wth the RBMK-1000 and First Generation WER-440 Reactors 

Th~s  opt~on rncludes the structural costs for a confinement plus jet-condenser or alternatively a U S 
style containment addition In both cases, the cost for the full contanment alternative is 
approximately two to three times higher than the cost for the confinement/jet-condenser approach 

The hgher cost for adding a U S style c o n t m e n t  to an existing NPP reflects the need for 
expenditures beyond those for the contament itself These expenditures include costs for 

1) extensive safety-related equipment relocation, 

2) a new Seismic Category I structure to house the relocated equipment, 

3) demolltlon of part of the existing rectangular reactor building to make way for a 
cylindrical contamment, and 

4) Incremental tunneling and reinforced concrete and steel liner placement beneath 
the reactor budding to provide a containment mat and a continuous final fission 
product b m e r  (liner) 

Although American demolltlon and tunneling experts believe that the approach is conceptually 
feasible, they also believe that caution should be exercised in committing to such a venture 
Consequently, the cost estimate is based on the assumption that no substantial implementation 
bmers  anse once the effort is undertaken 

As noted m Secbon 2 3, some recommended upgrades are already Implemented and, therefore, are 
not costed In other cases, recommended upgrades are partially completed or are under way and, 
consequently, are either not costed (lf the upgrade was expected to be completed soon) or are 
proportionally costed based upon the percent complete The status of the safety upgrades was 
detemned dmng a senes of meetings between JPNAS experts and the staff of Rosenergoatom 
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5 5 3 Decommissio~~~ng of RBMK-1000 and First Generation VVER-4401230 Reactors 

Decomrmssiomng costs mclude only person-hours that were attributable to decomrmssiomng plus 
all of the social costs related thereto, per Russian law Based on decisions made by Russian 
regulatory bodies, it is assumed that a substantml complement of personnel will be retamed at each 
NPP after shutdown It was expected that these personnel would remain as long as nuclear fuel 
remains at the unit, a penod estimated at three years To the extent that they were not required to 
support decomssionmg, retamed personnel were not charged to decommissiomng The question 
of appropnate allocation of these costs r e m m  open Nevertheless, these personnel were included 
in the social cost calculations, because their displacement is eventually required 

Generally, the decommissiomng cost estimates would include no direct construction costs In the 
case of the RBMK-1000 and first generation VVER-440, however, it was necessary to make an 
exception These NPPs store their radwaste on-site over the life of the plant Consequently, costs for 
the construction of a radwaste facility, to process the accumulated radioactive liquid and solid 
waste, needed to be mcluded m the decomrmssio~ung costs for these w t s  In addition, the RBMK- 
1000 required construcbon of an additional on-site fuel storage facility to a d  m the defueling of the 
reactor These costs were added to the Russian and U S Approach decomrmss~omng costs as direct 
and indirect costs 

Since the U S  Approach included these BCC, as well as the Russian social costs, the U S  
Approach bottom-lme is considerably larger than what is expected for decomrmssiomng costs m the 
U S The U S Approach without the BCC, social costs and contingency added for thls study was 
estimated as about 200x106 01/01/94 U S dollars for the 1000 MWe RBMK and about 172x18 
0 1/01/94 U S dollars for the 440 MWe VVER 

As in the first Option above, the JPNAS cost estimating ground rules may cause the first 
decommissioned m t  on a site to have a hgher cost than other u t s  on the same site The reason for 
this situation is different The BCC for common site facilities (radwaste processing facilities and 
additional fuel repositones) were charged to Unit 1 Therefore, users of these data cannot reject the 
costs of Umt 1 m favor of the costs of other un~ts on a multi-mt site, in order to make use of then 
lower costs 

In the Russian Approach, decommissiomng costs for the RBMK-1000 were considerably hlgher 
than for the first generation VVER-440 This is a consequence of the substantially lxgher RBMK- 
1000 plant staffing level 

It is necessary to note that decornmissiorung costs can be different for different units In t h ~ s  study, 
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the cost for the Kursk-1 RBMK-1000 and the Novovoronezh VVER-440 were investigated in 
detail, and these results were extrapolated for all the other u t s  

5 5 4 Repowermg Rostov-1 as a Coal-Fired Plant 

Smce h s  opbon was considered to be a " What-If' case, no consideration was glven to replacmg the 
initla1 planned total plant capacity wth an equal conversion capacity, and existmg facilities were 
assumed to be avalable at no cost 

No allowance was made m this Option BCC to account for "tie-in" to the Russian gnd or for any 
transmss~on improvements that may be reqmred to support the capacity added 

5 5 5 Completion of the Kalinin-3 VVER-1000 

This option combines the simultaneous completion and upgrade of an uncompleted urut It was 
assumed that the uncompleted unit was 75 percent complete Consequently, many of the upgrade 
tasks may be done as new construcbon and all of the upgrades wll  be done in non-hazardous areas, 
smce the u t  has not yet operated The completion part of the estimate is the major contnbutor to 
cost, or about 66 percent of the overmght BCC The remammg 34 percent represents the cost of the 
upgrades, and in some cases new construction In addition, costs for tlus option were extrapolated 
to provide assessments for the completion costs of Balakovo units 5 and 6, Kursk unit 5, and 
Rostov unlt 1 These umts are 30, 15,75, and 90 percent complete respectively 

5 5 6 Safety Upgrades to Operating Plants with VVER-1000 AND VVER-4401213 Reactors 

As m the first option, some of the recommended upgrades are already completed, whle others are 
partly completed None of the completed upgrades are costed The partly completed upgrades were 
also not costed because they were expected to be completed soon The cost of the upgrades m th~s  
opt~on are hgher than the costs of upgrades m the prevlous opbon because all of the upgrades need 
to be done on a re-construction basis and allowance must be made for re-construction in a 
hazardous area 

5 5 7 New Evolutionary Nuclear Power Plant NP-500 

To perform the cost estimate for the new generation reactor, the NP-500 and U S conditions were 
selected as a basis Direct cost estimates were done for construction of first-of-two and second-of- 
two NP-500 u111ts on a site The NP-500 has an estimated cost that is close to current published 
estimates for the Pressur~zed Water Reactor version of the Passive Advanced Light Water Reactor 
currently being developed zn the U S (AP-600) 
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No allowance was included in the New Generation Option BCC to account for "tie-in" to the 
Russian gnd or for any transmission improvements that may be requlred to support the capacity 
added at the New Generation site 

5 6 Present Worth Normalization 

The present worth normalization was included because the cost esbmates were done on an 
"ovemght" cost basis, whle the actual construction or decommissiomng activities cannot be done 
overmght To calculate the present worth, annual cash flow patterns assessed by JPNAS experts 
were used, see Appendix I A d~scount rate of 12% was used 
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6 0 GENERAL CONCLUSIONS AND RECOMMENDATIONS 

6 1 COST ESTIMATION RESULTS 

The JPNAS assessed costs and activity durahons for SIX options for the Russian nuclear power 
sector 1) safety upgrades of NPPs with RBMK-1000 and fust generation VVER-440 reactors, 2) 
decomrmssiomg ofNPPs wth RBMK-1000 and first generation WER-440 reactors, 3) completion 
of an NPP mth the WER-1000 reactor, 4) repowenng of an mcomplete NPP mto a fossil fuel plant, 
5) safety upgrades of NPPs with WER-1000 and second generation VVER-440 reactors, 6) 
construction of new generahon NPPs The resultmg cost estunates are summanzed m Tables 6-1,6-2 
and 6-3 and in Annex 3 

These assessments allow for the detennlnation of the viabll~ty of the considered ophons wth regard 
to the mvestment amounts and Implied activity durat~ons Ths  data, coupled wth  simlar data for 
the other electnc power sector alternatives can be used to provide recomrnenda~ons for the optimal 
development of the Russian power sector in the framework of an integratmg economc model 

All JPNAS cost assessments have been developed on the basis of detalled techca l  data provided 
by Russian experts The costs assessments have been prepared by U S experts m accordance wth  
the procedures and methodology of the EEDB The implementation schedules for all options have 
been prepared on the basis of U S expenence and then corrected on the basis of Russian expenence 
Starting dates for the upgrades and implementation schedules were suggested by Russian experts 

The salient conclusions drawn from the estlrnates and the study are the followmgl 

Safety Upgrades for Units wth the RBMK-1000 and First Generation VVER-440 Reactors 

The concern of the world commmty about the safety of fwther operation of Russian NPPs (manly 
NPPs wth the RBMK-1000 and first generation VVER-440 reactors) was one of the premses of the 
JEPAS and, correspondmgly, of the JPNAS Thus, the cost assessment of safety upgrades of these 
reactors was a key issue of the JPNAS 

Safety upgrades to Russian reactors required so that they may operate unhl the end of service life 
at an increased level of safety have been identified by Russian and Amencan engineers Many of 
them have been completed while others are currently in the process of implementation, financing 
bemg provided by Russia, these completed and almost completed upgrades have been excluded fiom 
considerahon m JPNAS 'Iks has resulted m a decrease m the upgrade costs compared wth  the costs 
provlded in the JPNAS Interim Report 

' ~ 1 1  nurnerrcal results In thrs Sect~on are overnrght costs and pertam to Russian conddlons uslng conversion factors suppl~ed by 
ERI for use by the JEPAS 

6- 1 
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Full contamment systems for RBMK-1000 and first generation VVER-440 u t s  have been costed 
at the request of US experts The U S style containment system for these reactors is techcally 
feaslble but very costly 

The evaluated costs of safety upgrades to the RBMK-1000 u t s  ranged fiom 35 to 90 million USD 
for the confinement and jet condenser designs, and from 136 to 228 mllion USD for the full 
contamment designs 

The evaluated costs of safety upgrades to the first generation VVER-440 w t s  ranged fiom 29 to 39 
million USD for the confinement and jet condenser designs, and fiom 87 to 1 11 mllion USD for the 
full containment 

Decomm~ss~oning of RBMK-1000 and First Generation WER-440/230 Reactors 

The JPNAS assessed the cost of decommissiomng w t s  with RBMK-1000 and first generation 
VVER-440 reactors The cost assessments for decommissioning included direct costs and social 
costs calculated in accordance wth  the Russian law Two approaches were considered a Russian 
approach and a U S approach 

The Russlan approach to decomrmssro~llng was based on data provided by the Russian experts and 
was used as the reference case in the JEPAS l h s  approach assumes a long-term safe storage of the 
plant unttl the tlme of final dismantling The Russian Approach IS based on Russtan Federation 
studles tempered by mamtenance, repair and replacement expenence As such, it reflects 
decomssiomng procedures that regulatory and ut~lity orgaruzabons find acceptable m the Russian 
Federation today 

The U S approach is based on the same Russian data and the results of U S studies tempered by the 
evolutionary effects of actual experience It is based on a process with immediate full plant 
dismantlmg 

The U S approach to decommissiorung Russian nuclear power plants was developed as a 
hypothetical case, on the basis of nuclear regulation, financial conditions and the technology base 
exlstlng m the U S Th~s  resulted In differences between the costs of Russlan and U S approaches 
to decommissiorung However, there are large techcal  uncertanties for both approaches, for 
example, the handling of the madated graplute fiom RBMK's The impact of such uncertambes, 
in terms of cost and durattons, IS different for the US and Russian approaches Therefore, dtrect 
quantitative compmson of the respective overall cost estlrnates is not justified and neither approach 
can clam to be optlmal However, the US approach was used as a change case in the system 
analysis to test for the sensitivity to decomm~sslo~llng costs 

An effort to find an optimal approach in either country might prove to be hghly cost effective 
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Providing assistance in achievmg this goal is addressed m Section 6 2 

The assessment of decommissiomg costs has been prepared for two scenanos planned and early 
decomrnissio~ung The difference in cost between the two, i e ,  the incremental cost of 
decomrmssiomg, turned out to be rather moderate However, h s  companson is based on ovemght 
construction costs and does not include the cost of compensating generahon capacities 

The construction of additional nuclear generating capacity at the site or in the vicmty of a 
decommissioned reactor unit wl l  mitigate or completely eliminate the socio-economc cost 

The evaluated costs of the planned decomrmssio~ung of RBMK-1000 units ranged from 169 to 198 
million USD for the Russian approach, and from 49 to 78 million USD for the US approach The 
evaluated costs of the planned decomrnissiomng of WER-440 u t s  ranged fiom 108 to 124 mllion 
USD for the Russian approach, and from 48 to 64 million USD for the US approach 

The evaluated costs of the early decomrniss~onmng of RBMK-1000 units ranged fiom 172 to 200 
milllon USD for the Russ~an approach, and fiom 52 to 81 million USD for the US approach The 
evaluated costs of the early decornrnissiomng of VVER-440 units ranged from 109 to 125 million 
USD for the Russlan approach, and fiom 49 to 65 million USD for the US approach 

Repowenng Rostov-1 as a Coal-Fired Plant 

The cost of repowenng Rostov-1 as a fossil fuel plant was estimated at $557 mllion USD 
According to the concept of repowenng, whlch formed the basis wrth &us estimate, certarn items of 
the part~ally completed nuclear power plant could be uhlized M e  the repowered plant would have 
a capacity of 1500 MW as compared to 1000 MWe capacity of the nuclear plant, the cost on a 
kilowatt basls of the fossil plant would be substantially greater than the cost of completing the 95 
percent complete nuclear plant 

Th~s  option had the highest capital and O&M costs of the six options evaluated by the JPNAS In 
addition, to implement the repowenng, substantla1 fossil fuel resource development and ralroad 
capacity would be required Site development for coal storage and ash disposal would also be 
needed JPNAS has not estimated these costs 

Completion of the Kalinin-3 VVER-1000 

The cost of completmg tlvs reactor (75 percent complete) wrth safety upgrades was estunated at 146 
million USD The plant can be completed at a modest cost 
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Safetv U~arades - to O~erating Plants wth  VVER-1000 AND VVER-4401213 Reactors 

The cost of providing these upgrades was estimated in the JPNAS The approach to the 
pnontization of upgrades for these reactors is the subject of a task for further effort and is discussed 
in Section 6 2 

The evaluated costs of safety upgrades to operating WER-1000 units ranged fiom 16 to 29 million 
USD 

The evaluated costs of safety upgrades to operating WER-4401213 u t s  ranged fiom 11 to 14 
million USD for designs using the confinement and jet condensor approach, and 69 to 86 million 
USD for designs using the full contament approach 

New Evolutionary Nuclear Power Plant NP-500 

Thls evolutionary power plant of innovative design is now approachg realization Thls plant gives 
the prormse of providmg substantially hgher levels of safety and reliability than those in operation 
today l k s  is acheved by applying passive safety systems and providing a double protective 
containment shell l h s  project is charactenzed by a compact design leading to reduced material 
quanbties and more effecbve space utilizabon Projected man-power requirements are substantially 
less than for the operating reactors This innovative concept provides a technological basis for 
expansion of nuclear power generation in Russia and for the penetration of foreign markets by 
Russian technology Russia is planning to build NPPs of t h s  type as replacement capacities and at 
several new sites In order to be licensed in a manner consistent wnth international practice there is 
a need for venfication and substantiation of these new innovative safety features T h s  is addressed 
in Section 6 2 

The evaluated costs of construction of an NP-500 are 529 million USD for the first w t  and 440 
million USD for the second w t  (assuming a two u t  plant) 

Other Results and Observations 

The assessments made in the context of JPNAS show that fuel resources and the required ifra- 
structure exist in Russia for supplying fuel to all existing nuclear power plants at current levels of 
production now and for the foreseeable future Resources and infra-structure exist m Russia to 
support the production of mont nuclear power plant components requlred for power plant 
completion, safety related upgrades and new power plant construction 

6 2 RECOMMENDED PROJECTS FOR IMPLEMENTATION 

The paragraphs whch follow identify projects for early f~nancing and lrnplementation which would 



JPNAS Report May 1995 Sectzon 6 

facilitate achewng the nuclear objecbves delineated in the TOR Implementation of these projects 
is advantageous for vanous reasons regardless of selection by the mtegratmg model as part of a least 
cost strategy They are 

1) Development of the optlrnal unplementation strategy for safety upgrades of operating NPPs 

2) The development of a decommissio~llng program for a specific RBMK-1000 reactor 

3) Completion of the deslgn of the NP-500 and NP- 1000 (new generabon evolutionary reactors) 
to a sufficient level of detal so as to allow a full-scale licensing process 

6 2 1 Development of an Optimal Implementatlon Strategy for Safety Upgrades of Operatmg NPPs 

In the JPNAS, the costs of the implementation of vanous safety upgrades have been developed The 
Russian and international expert groups have conducted many studies of the safety of Sovlet- 
designed NPPs 

T h s  project would develop and implement a methodology allowlng the ranking of the suggested 
safety upgrades in accordance with their efficiency so that the maxlmurn economc benefit of the 
mvestrnents m safety upgrades could be ensured, talung Into account the financial constraints This 
could be done based on the followng 

1) the studies already performed, 

2) the available experience and knowledge on the speclfic safety systems and the facility as a 
whole, and 

3) some additional studies lnvolvmg Probabll~stic Safety Assessments (PSA), 

As a continuation of this actlvity and as the recommendat~ons for IUG include PSAs for each 
operating VVER, it is proposed that a level 1 and 2 PSA be performed for an operating unit, e g 
Balakovo-1 A genenc PSA for the VVER-1000 is currently m process as a jomt US/Russian project 
Application of the genenc PSA methodology to a specific Russ~an power plant performed by 
Russian engineers would complete the technology transfer inherent in the PSA project Many 
problems in the PSA process have been identified and solved by US engineers n s  knowledge 
would be used to assist Russian engineers to improve their PSA methodology 

6 2 2 Development of a Decornrnissiomng Program for a Specific RBMK-1000 Reactor 

A JPNAS conclusion is that Russian p l m n g  for decommissiomng IS not at the stage where the 
decommissioning of a specific plant can be accomplished At present, the level of matmty of the 



JPNAS Report May 1995 Sectzon 6 

Russian approach to decommissiomng is charactenzed by incompleteness of comprehensive 
regulatory guidance and the absence of options for the disposition of spent fuel and radwaste Thus, 
it is difficult to optimize technological and cost parameters 

The project would include the identification of an RBMK reactor whch is llkely to be 
decomrmssioned m the near term In this context, the followng objectives would be addressed 

Recommend appropriate regulatory development 
a Specify details and progression of decommissiomng achvities 
a Develop detailed cost and schedules 

Identify US technology that would support and facilitate NPP decommissio~llng in Russia 

The results of thls project would be applicable to the decommissiomng of other u t s  wth  RBMK 
reactors 

6 2 3 Completion of the Design of the NP-500 and NP-1000 (New Generation Evolutionary 
Reactors) to a Sufficient Level of Detail So as to Allow a Full-Scale Licensing Process 

The NP-500 and NP-1000 are approaching design completion These designs include passive and 
active systems Many of them are innovative and require venfication of design and operational 
reliability includ~ng environmental qualification The proposal is that Russian engineers undertake 
ths  venfication and optmuzation of design features with the support of US experts, facilitating the 
licensing of the NP-500 and NP-1000 consistent wth  international practice 

Additionally, to assist in the design and construchon process this project would provide Russian 
engineers wth cost estmating and project management tools Such tools will be usefhl across the 
entire spectrum of electnc sector projects 
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Table 6-1 
"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 

U S CONDITIONS 
(IN CONSTANT JANUARY 1 1994 DOLLARS) 

New Generat~on NP-500 (635 MWe) I! 11 I 
RBMK Project Duration 1 year shutdown fpr jet condenserlconfinement 3 year shutdown for full contamment Both d u d e  fuel 

CosP 

Hlg hlLow 
($lkWe)= 

224187 

262202 

40287 

8291650 

125311 1 85 

145511 364 

4271360 

7551664 

127911 21 2 

147311 382 

4571391 

136122 

1457 

561 

Opt~on Descr~ption Project' Total 
Duration 
(Months) H~ghlLow 

(lo6 $1 

O ~ t l o n  I With RBMK-I 000 24 224187 
Cont~nuat~on Confinement (1 000 MWe) 

and Jet 
1 Condenser ~~ I3 -4401230  21 I 1 5189 

(440 MWe) ~ With Full RBMK-1000 36 6491429 
Conta~nment (1 000 MWe) 

P 

WER-4401230 36 3651286 
(440 MWe) 

Oot~on 2 Russlan RBMK-1000 51 6 125311 185 
1 Planned Approach (1 000 MWe) 

Decomm~ss~on~ng 
WER-4401230 51 6 6401600 
(440 M We) 

U S Approach RBMK-I000 1 44 4271360 
(1000 MWe) - 

WER-4401230 120 3321292 
(440 MWe) 

Oet~on 2 Russ~an RBMK-1000 480 127911 21 2 
Early Approach (1 000 MWe) 

Decomm~ss~on~ng 
WER-4401230 480 6481608 
(440 MWe) 

U S Approach RBMK-1000 1 44 4571391 
(1 000 MWe) - 

WER-4401230 120 7761685 
(440 MWe) 

O ~ t t o n  5 
Upgrade of a WER-440 1213 (440 MWe) 

O ~ t ~ o n  5 
Upgrade of an Operating WER-1000 (1000 MWe) 

O ~ t l o n  6 

channel replacement 
W E R  Project Durat~on 6 month shutdown for jet condenserlconfinement 3 years for full containment 
Base constructton cost wtth owner s cost and contingency 
Based on Gross Electric Capac~ty 

I Only one unlt evaluated 

O ~ t l o n  3 
Conversion of a WER-1000 to Organlc FueI(1500 MWel4 

Ootton 4 
CompletlonIU pgrade of a WER-I 000 (1 000 MWe)4 

21 

18 

48 

24 

26 

1457 

561 

50140 

97158 

145511 164 

114191 

97158 

229 111 833 
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Table 6-3 
"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 

RUSSIAN CONDITIONS USING ERI CONVERSION FACTORS 
(IN CONSTANT JANUARY 1 1994 DOLLARS) 

channel replacement 
W E R  Project Duratlon 6 month shutdown for jet condenser/confinement 3 years for full conta~nment 

2 Base constructron cost w~ th  owner s cost and contrngency 
3 Based on Gross Electr~c Capac~ty 
4 Only one u n ~ t  evaluated 

Opt~on Descr~pt~on Project1 
Durat~on 
(Months) 

24 

21 

RBMK-I 000 
(1 000 MWe) 

~ ~ ~ - 4 4 0 1 2 3 0  
(440 MWe) 

O ~ t ~ o n  1 
Contlnuat~on 

Total 
. 

HlghlLow 
( lo6  $1 

90135 

39/29 

With 
Confinement 

and Jet 
Condenser 

O ~ t l o n  2 
Planned 

Decornrn~ss~on~ng 

O ~ t ~ o n  2 
Early 

Decornm~ss~on~ng 

O ~ t ~ o n  3 

36 

36 

516 

516 

144 

120 

480 

480 

144 

120 

24 

26 

21 

18 

48 

3 year shutdown 

Cost? 

HlghlLow 
($lkWe)3 

90135 

90166 

Conversion of a WER-I000 to Organlc FueI(1500 MWe)4 

O ~ t ~ o n  4 
Cornplet~onlUpgrade of a WER-1000 (1000 MWe)4 

O ~ t ~ o n  5 
Upgrade of a WER-440 1213 (440 MWe) 

O ~ t ~ o n  5 
Upgrade of an Operating WER-1000 (1 000 MWe) 

O ~ t t o n  6 
New Generation NP-500 (635 MWe) 

RBMK Project Duratron 1 year shutdown for jet condenser/confinement 

With Full 
Contalnrnent 

Russ~an 
Approach 

U S Approach 

22811 36 

11 1/87 

19811 69 

12411 08 

78/49 

64148 

20011 72 

12511 09 

8 1 152 

65149 

-- 
557 

146 

1411 1 

2911 6 

5291440 

for full contarnment 

RBMK-1000 
( I  000 MWe) 

WER-4401230 
(440 MWe) 

RBMK-1000 
(1 000 MWe) 

WER-4401230 
(440 MWe) 

RBMK-1000 
( I  000 MWe) 

22811 36 

25211 98 

1 9811 69 

2821245 

78/49 

14511 08 

20011 72 

2841247 

81/52 

14711 10 

371 

146 

32/25 

2911 6 

8331693 

Both rnclude fuel 

Russ~an 
Approach 

U S Approach 

WER-4401230 
(440 MWe) 

RBMK-1000 
(1 000 M We) 

WER-4401230 
(440 MWe) 

RBMK-1000 
(1 000 MWe) 

WER-4401230 
(440 MWe) 
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Terms of Reference for a Jo~nt Russ~an-Amencan 
Energy Alternat~ves Study 

Apr1118,1994 

To develop a long-term, comprehensive investment program for the Russian power sector m 
response to the request of Pnme Mimster Chernomyrdin and Vice President Gore 

Backpround 

At the July, 1992, M u c h  Summit, the G-7 countnes expressed thelr concern about the safety of 
certan Soviet-designed nuclear power plants and cornrnissioned the World Bank and the 
International Energy Agency (IEA) to mvestigate replacement sources of energy and their cost 
implications The result, a report entitled "Russia Electricity Options," jointly drafted by the 
government of Russia, the World Bank, and the IEA, was submitted to the G-7 in June 1993 

At the G-7 Tokyo Summit (July 1993), the participants urged development of a framework for 
coordmated action among donor countnes and multilateral financial msbtubons to assist Russia and 
other relevant countnes wth long-term energy planrung to enable earliest possible closure of their 
nsluest nuclear reactors This framework is to be considered at the July 1994 G-7 Summit 

On September 1 and 3, 1993, Pnme Minister Chernomyrdin and Vice President Gore, meeting in 
the context of the U S - Russia Jolnt Comrniss~on on Economical and Technological Cooperabon 
(JCTC), m keepmg wth the G-7 framework development effort, agreed on a joint effort to examne 
options for Russia's energy future Work was to be completed expeditiously, in time for use in 
preparing for the 1994 G-7 Summit, in time to provide input for upcoming Russian budget and 
mvestment planmng, and in time to allow for proper integration m mternational financial mstitutions' 
fiscal 1996 lending programs 

At the tme  of the second session of the JCTC on 16 December 1993, Prune Mmster Chemomyrdln 
and Vice President Gore made a jomt statement reaf f img the agreement of the two sides to carry 
out the above-menboned study 

The Russian electnc power sector w11 require major investments over the commg decades The 
sector's mam problems mclude the hgh proporhon of thermal generatmg plants whch are currently 
beyond-their planned operational lifespans, doubts about the safety of older nuclear plants, and 
highly inefficient patterns of electricity use In the present state of the Russian economy, federal 
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budget financmg of power sector development has all but ended whle new financing mechamsms 
appropnate to a market economy have not yet developed 

The mternahonal commuruty, mcludmg the leaders of the G-7 group, attach great mportance to jomt 
efforts in helping to solve these problems Fundamental conditions of investment in t h ~ s  most 
mportant sector of the Russian economy should be identified on a pnonty basis 

Russian and U S policy makers share a number of objectives m regard to the Russian power sector 

Acbeving a major reduction m the risk of nuclear accidents, 

Improving the environmental and safety impacts of the power sector, 
including the reduction of greenhouse gases, 

Increasmg the efficiency of energy use, thereby contributing to Russian 
industrial competitweness and growth, helping to balance the Russian 
budget through an increased exportable energy surplus and helplng to 
reduce environmental impacts, 

Assistmg m the transition of h s  vital sector to market relationshps So 
domg wll  open the way for new financing mechamsms and w11 help to 
contribute to economic health and pol~ticd stability 

Formulate basic principles and long-term pnonhes for cooperahon based 
on a balancing of Russian and other countries' interests Identify gwding 
rules and legislation for long-term cooperahon m the power sector on the 
basis of international law, including the basis for utilization of each 
country's Intellectual property, know-how, and technology, 

Identify the financial models most acceptable to Russia for attracting 
foreign capital (ownerslup and stock issues, loan conditions, etc ), 

Work out a long-term, mutually-beneficial, comprehensive program of 
foreign investment m the Russian power sector, identifying pnonty 
directions and concrete projects 
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Studv S c o ~ e .  Goals and Dellverables 

The goal of the study is to provide, on the basis of an objective assessment of Russia's energy 
alternat~ves in keeping wrth the objectwe above, a time-phased investment program for the penod 
1995-2000 Tlus mvestrnent program wll include prel~mnary engmeenng, feasibility analyses, cost 
estunates, mvestment requirements, and fmancmg plans It wll  consider the Russian energy strategy 
for bmgmg future electnc supply and demand mto balance, mcludmg both convenbonal and nuclear 
power opt~ons in addition to demand-side efficiency measures, allowng for other scenarios as 
appropnate The analysis also wll  consider the economc, financial, solcial, pol~t~cal, envuonmental, 
and trade impacts of each alternative strategy Tlus wll  requre expandmg sigruficant porhons of the 
study towards the year 2010 A tight regional focus wll also be requred to meet project completion 
deadlines and to ensure that a practical, useful document results 

Substanbal uncertambes -- specifically to Include the rate of development of the Russian economy 
(GDP, future electric~ty demand and the availability/relative pnces of natural gas, coal and other 
forms of energy) -- make evaluation of alternatives and the development of action plans complex 
For this reason, a small number of alternative scenarios w11 also require analysis, these will have 
to anticipate and provide the flexibility requued to adapt to changing circumstances 

In the course of the work, alternatives to be evaluated will include but not be limtted to the 
followng 

Upgrading or replacement of aglng thermal power stations, 

Closure of least-safe nuclear power plants, 

Major safety upgrades of the least nsky nuclear power plants, 

Completion of partly-built nuclear power plants, conversion of partly- 
built nuclear power plants to gas or coal (repowering), and development 
of new nuclear capacity, 

Measures for improvement of hgh-voltage transmission 

Measures for creating major improvements m Russian energy efficiency, 
thereby limitlng future electricity demand growth, 

Increased natural gas use for power generation, 
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A potentla1 role for clean coal technolog~es, 

Potentla1 for electric power exports and impacts on financing of power 
sector developments and domestic electnc power supply/demand 
balances 

The study w11 draw heavily upon existing Russian research, specifically to include "An Energy 
Strategy for Russia" (A A Makarov, pnnc~pal researcher) Work also wrll be based upon and extend 
the analysis underlying the previously accompl~shed Government of Russia/World Bank/ IEA 
electricity options paper 

Or~anlzation of the Studv 

The study w11 be organized Into joint RussiadAmencan Worlung Groups, and a Joint Steemg 
Comttee ,  responsible for hgh-level du-ect~on of the work, mcludmg approval of study objectives, 
scope, deliverables, and debled work plans, in adltion to regular review of project progress Tile 
Jo~nt Steenng Committee w l l  Include representatives of the follow~ng Russ~an orgamzations 

Mmstry of Fuels and Energy 
Mimstry of Atomic Energy 
Mimstry of Economy M~nistry of Foreign Economic Relations 
Ministry of Environmental Protection and Natural Resources 
State Atomic Energy Inspectorate (Gosatomnadzor) 
State Electnc Power Company RAO EES Rossii 
State Nuclear Power Company RosEnergoAtom 
Russian Academy of Sciences 
Russian Agency for International Cooperat~on and Development, and 
Other Interested agencies 

It w l l  include the followng U S enbties 

Agency for International Development (USAID) 
Department of State 
Department of Energy 
Nuclear Regulatory Comrmss~on, and 
Other Interested agencies 
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Further intra-governmental discussions idenbfied the U S Agency for Internahonal Development 
and the Russian State Electnc Power Company RAO EES Rossii as the lead orgmzahons in the 
work Both w11 work in close cooperation with the World Bank, the European Bank for 
Reconstruction and Development (EBRD), and other mternabonal financial institutions These terms 
of reference (TOR), prepared by a joint worlung group wth  input fiom a wide group of interested 
parties, represent the begimng of the joint study 

Initial membershp and leadershp of the worlung groups were idenhfied by the lead agencies 
(USAID and RAO EES ROSSII) in a meetmg in Moscow, November 9-1 1,1993, and the work plans 
below were developed 

The five working groups are as follows 

Working Group 1 -- Energy Efficiency To evaluate and recommend pncing policy reforms and 
other measures, mcluding specific end-use technologies to encourage efficient use of energy in key 
sectors Focus wll  be on low-costlno-cost energy efficiency improvement measures, as well as on 
the financing aspects of energy-savmg measures 

Working Group 2 -- Thermal Power Generation To address the needs for upgradinglreplacement 
of aging thermal power plants Fuel availability, environmental impacts, and investments will be 
considered 

Working: Group 3 -- Nuclear Power Altemat~ves To evaluate and recommend, as required, closure 
of least safe nuclear plants, safety upgrades of selected nuclear power plants, the completion or 
repowenng of partly-built nuclear plants, and the construchon of new nuclear plants, Including 
analysis of practical consequences of each 

Working: Group 4 -- Power Transmission and Dispatch To consider upgrades to the hgh-voltage 
transmission system and improved utilization of existing assets through improved system lspatch 
and power wheeling policies 

Working Group 5 -- Energy Strategy Investments and Integration To perform the integratmg 
function for the other worlung groups Worlung Group 5 wl l  provide the consistent underlying 
assumptions (inter aha, fuel prices availability, and desired export earmngs levels) for the other 
groups, w11 work interactively to bnng together the results of other groups' work to develop 
integrated, time-phased acbon plans wth Investment and financing requirements, and proposals for 
potential financial mechmsms and terms of investment Ths Worlung Group also w l l  develop 
assumptions and analyses outside the scope of the other W o r h g  Groups The group shall carry out 
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vmous expert assessments of vanous opbons for the sector's development subrmtted by the Russian 
side to be presented in a format conventional for the western business cornmumty 

The list of contnbuting and implementing organizations includes, in adltion to the orgmzat~ons 
represented on the Steenng Committee, the following 

RCG/Hagler Bailly and subcontractors 
Burns and Roe Enterpnses and subcontractors 
Insbtute for Energy Research, Russian Academy of Sclences 
Energosetproject 
Electnc Power Institute 
TeploElectroProject 
Central Dispatch Center 
Russian Energy Saving Fund 
Other mdependent consultants as necessary, and Other U S agency participation as required for 
information policy coordination and project implementation 

Prolect Schedule 

The follomg schedule assumes that a document approved by both governments wll  be completed 
m June 1994 However, because of the maglvtude of the work anbcipated and the limited time, lt is 
recogmzed that both Governments may jointly decide by Apnl 1994 to treat the June 1994 report 
as an intenm report for the G-7, with a final report due before the end of 1994 

To render the process more efficient, at least some meetlngs of the Steenng Cornnuttee could be held 
vla Was~ngton/Moscow teleconferencing 

January 1994 Study approved by JCTC 

December 1993 Meeting between Russian and American sldes to revlew terms of reference 
and provide gmdance on project objectives and focus 

February 1994 Set up Steering Committee, update membership of joint Working Groups, 
and begin work 

March 1994 Worlung Groups deliver prelirmnary results, tentabve conclusions are drawn, 
June report structure and content are proposed 
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Aprll 1, 1994 

May 1994 

May 1995 Annex 1 

Steenng Committee reviews project progress, tentative conclusions, proposed 
structure of final report Steenng Comrmttee decldes whether to recommend 
treatlng the June report as intenm or final report 

Draft final report completed and reviewed by Steenng Comrmttee In the 
event that a decision m taken in Apnl1994 to make tlus an Intern report, the 
Steenng Comrmttee in May 1994 wll propose the schedule, object~ves, and 
contents of the final report, and will propose how lt mshes to recommend 
that the interim report should be treated by the G-7 

June 1994 Steering Committee approves report to be shared mth G7 

December 1994 If so required, Steering Committee approves final report 

Worlung: Group 3 Nuclear Power Alternabves 

I Objectives and Responsibilit~es 

A Should the decislon be taken to shut down first generation reactors, analyze the econormc 
and practical consequences of such a possible decision, especially an assessment of the costs 
directly associated with the decommissiornng of operatmg nuclear power plants, but also the 
economic and social consequences to the nuclear work force 

B Assess the consequences and costs of converting partly-bwlt nuclear power plant 
construction sltes that were never completed into power stations that use fossll fuels 

C Deterrmne the costs of utilizmg partly-completed nuclear power plants to replace old reactor 
units, including safety-related upgrades necessary to acheve a level of safety comparable 
to the West, additional construction costs, plant operation and fuel costs, and Impacts on 
energy infrastructure 

D Take into account Russian plans for new nuclear generation, including new nuclear power 
plant designs adapted fiom current designs, and their anticipated costs 

E Take into account Russian plans for upgrading existlng nuclear power plants and thelr 
anticipated costs 



JPNAS Report May 1995 Annex 1 

F Take into account cost of continued operation of first generation VVER and all RBMK 
reactors to the end of their lifetimes with upgrades to standards acceptable to the West 

I1 Specific Tasks and Schedule 

February Prepare dehled group work plan mcluchng proposed level of effort Review exlsting 
information, classifications, reports, plans, and assessments regarding nuclear 
generating capacity Develop an inltial classification of existing power plants 

February Assess alternatives and thelr costs for complehon of partly-bmlt plants, new designs, 
and decommiss~omng 

March Dellver tentative results, including classification of existing, partly-built, and 
potential new capacity, wth one or a few recommended action plans, including cost 
estimates and financing schedules 

Finalize recommendations, action plans, and financing requirements 

Modify analys~s based on revlews of results and document the analysis 
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ANNEX 2 BASIC ASSUMPTIONS ON NUCLEAR FUEL PRICES 

A2 1 MODEL OF THE NUCLEAR FUEL CYCLE 

The assumed model of the nuclear cycle is shown below As shown, the fuel cycle consists of eight 
phases fiom urmum extrachon through the final d~sposal of spent fuel Ths composibon of the fuel 
cycle corresponds to the so-called open or once-through cycle when there is not fuel reprocessmg and 
related activrbes Other possible fuel cycles (closed cycle wth the use of reprocessed ummum and 
plutomum, thonum cycle) are less ready for prachcal unplementabon and therefore excluded ftom 
conslderabon m h s  study 

The assumed durabons of the phases as well as the model itself are taken from a recent study on the 
nuclear fuel cycle conducted by OECD and NEA [I] 

I Phase 1 U m u m  Extrachon I 
I Assumed trme befoe fie1 Ioadrng = 2 0 Years phase duratron 0 5 years I 

Phase 2 Conversion to UF, 
Assumed trme beforejkel loadrng = I 0 years phase duratron 0 5 years 

I Phase 3 Uramum Ennchrnent 
I Assumed tzme beforejkel loading phase durutron 0 5 years I 

Phase 4 Fuel Fabncahon 
Assumed time beforefiel loadzng = 0 5 years phase duratzon 0 5 years 

- - -  - - - -  

Phase 5 Burnng Fuel m Reactor 
Assumed time befoefie1 loadrng = 0 0 years phase duratron 3 0 years 

Phase 6 Temporary Fuel Storage On Site 
Assumed trme aJer loadrng = 3 0 years phase duratron 5 0 years 
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I Phase 7 Long Term Fuel Storage Off Site I 
I Assumed trme aJferBe1 loadrng = 8 0 years, phase duratron 35 0 years I 
I Phase 8 Flnal Fuel EncapsulaQon and Disposal I 
I Assumed trme aJer&el loading = 43 0 years, phase duratron 0 5 years I 

A2 2 GENERAL ASSUMPTIONS FOR FUEL PRICE SCENARIOS 

Three scenanos of the pnces for nuclear fuel are suggested mmunum pnce scenano, average pnce 
scenano and m m u m  pnce scenano The average pnce scenano should be part of the reference case 
m the mtegrated model The other two scenanos should be considered as sensibwty or change cases The 
basic asswnpbons common for all scenanos are as follows 

8 Due to the existence of large stocks of extracted m u m  m vmous forms m Russia (low-emched 
uramum, ennchment tsuls, hgh-ennched m u m ,  reprocessed m u m )  pnce escalabon for nuclear 
fbel over the whole penod of the study need not be considered Thus, it is sufficient to deterrmne the 
pnce for only one reference year of the study, e g , 1994 
The model of the fuel cycle is as shown above Thus, there are sur components m the pnce of 
nuclear fuel 1) the cost of yellow cake (U308), 2) the cost of the conversion to UFg, 3) the cost of 
the separabve work unit (SWU), 4) the cost of fuel fabncabon, 5) the cost of long-term he1 storage 
off-site and 6) the cost of the final encapsulabon and &sposal of nuclear he1 The costs of b m g  
the fuel in the reactor and of the temporary storage on-site are tra&tionally related to the operabon 
costs and are not Included Into the kel pnce The costs mcurred at Merent tunes dunng the nuclear 
fuel cycle should be levelised to the moment of placmg the fabncated fbel mto the reactor * 
All the pnces are calculated on the assumpbon that the raw matenal is natural uramum mth an assay 
of 0 71 % m urmum-235 
The urafllum-235 contents m the ennchrnent -1s is assumed to be 0 3% 

8 The pnce of nuclear fuel is de temed on a mt-by-umt basis dependmg on the ennchment of the 

* The levellzation of different t~me costs in this context means the levelization of all fuel cycle costs to 
the time of placing the fuel to the reactor Such a procedure is necessary for nuclear fuel to account for 
substantial time d~fferences among various investments required However, this levelization is different 
from the cost level~zation to be Implemented within the integrated model of a power system The latter 
levelises all the costs to one selected t~me point, usually the beginning of the planning period There IS not 
a contradiction between the two mentioned types of levelization, on the contrary, both are requlred for a 
falr representation of the system 
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fuel used 
Concemg the latter three assumpbons, one should note that they simplify the actual situabon, because 
the exlstlng vanety of nuclear fuels is not taken Into account However, at the moment there is not 
enough quanhtahve data for a formulation of a better assumpQon The collechon of such data and 
formula~on of relevant assumptions represents a separate and complex task 

The specific assumpbons for each scenano are gven below m Secbon A2 4 

A2 3 APPROACH TO CALCULATING THE FUEL COST 

The set of pnces taken m the menboned OECD/NEA study [I] as  the Reference Case is used here as the 
basis for the formulation of vanous fuel pnce scenarios These pnces, m accordance wrth the assumed 
fuel cycle model are as shown below (m US dollars of 1991) 

Phase 1 (Uranlum Extrachon) 5O$/KgU as U,,, 

Phase 2 (Convers~on to UF6) 8$/KgU as m6 

Phase 3 (Uranmm Ennchment) 11O$/SWU 

Phase 4 (Fuel Fabncahon) 275$/KgU 

Phase 7 (Long-term Fuel Storage Off-slte) 34O$/KgU 

Phase 8 (Fmal Fuel Encapsulahon and Disposal) llOO/KgU 

One important pomt must be underlmed here All the gven pnces relate to the startmg pomt of the 
correspondmg phase m the nuclear fuel cycle Tn part~cular, the pnces of long-term fuel storage and final 
fuel d~sposal are the costs of the whole phase levelised at the drscount rate of 10% to the polnt of 
delivery to the fuel storage or fuel drsposal site correspondmgly (The 10% discount rate is taken m 
accordance wrth the assurnpbons of the mtegrated model ) It means that all the pnces relate to essenbally 
dfferent tunes To convert t h ~ s  set of data Into the components of the pnce of fuel delivered to plant it 
is necessary to levehse all the costs to the polnt of he1 dehvery to plant Such levehbon at the cl~scount 
rate of 10% gves us a set of actual reference data to be used as the basis for assigmng fuel costs 

Phase 1 
50 $/kgU as U30s => 50 x exp(0 1 2 Oyears) = 50 x 1 22 = 61 $/kgU as U308 

Phase 2 
8 $/kgU as UF6 => 8 x exp(0 1 1 5years) = 8 x 1 16 = 9 3 $/kgU as UF6 

Phase 3 
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110 $/SWU => 110 x exp(0 1 1 Oyears) = 110 x 1 11 = 122 $/SWU 

Phase 4 
275 $/kgU => 275 x exp(0 1 0 Syears) = 275 x 1 05 = 289 $/kgU 

Phase 7 
340 $/kgU => 340 x exp(-0 1 8 Oyears) = 340 x 0 449 = 153 $/kgU 

Phase 8 
1100 $/kgU => 1100 x exp(-0 1 43 Oyears) = 1100 x 0 014 = 15 $/kgU 

The glven numbers form the baslc set of data to be used for the formulation of &fferent fuel pnce 
scenanos Th~s basic set d l  be, however, transformed for every specific scenano m accordance mth the 
specific assumpt~ons &mmewme as hscussed below 

A2 4 FORMULATION OF FUEL PRICE SCENARIOS 

As mentioned above, three scenanos of the pnces for nuclear fuel are suggested m.umnum pnce 
scenano, average pnce scenano and mamnum pnce scenano The average pnce scenano should be part 
of the reference case m the Integrated model The other two scenanos should be considered as sensihwty 
or change cases The specific assumpbons for these scenanos are as follows 

Averape (Reference Case) Price Scenarlo 

The costs of U308, conversion to UF6 and SWU are as the pnces at the world unrestricted market 
Ths market is served m d y  by the CIS countries mcludmg Russia. The assumed costs are as given 
below [2] 

18 $ M U  as U308, 6 $/kgU for conversion to UF6 and 67 $/SWU 

The cost of fuel fabncatlon IS assumed to be half of the pnce m the reference set of data shown 
above, 1 e ,28912 ,, 145 $/kgU The coefficient of 0 5 is used here to reflect the dfferences between 
the Russian and world market conhhons The value of the coefficient roughly corresponds to the 
general ratlo between the US and Russian cost bases as found by WG #3 m its stuhes 

The same ratio of 0 5 is used for the costs of the long-term fuel storage and h a 1  d~sposal for the 
same reason 
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The result~ng set of costs for the average prlce scenario is shown below 

Phase 1 (Uranmm Extrachon). 18 x 1 22 = 22 $/kgU as U,O, 

Phase 2 (Convers~on to UF,) 6 x  116=7$kgUasUF, 

Phase 3 (Uranmm Enrichment) 67 x 1 11 = 74 $/SWU 

Phase 4 (Fuel Fabrlcatlon) 145 $kgU 

Phase 7 (Long-term Fuel Storage off-S~te) 76 $kgU 

Phase 8 (Fmal Fuel Encapsulat~on and Disposal) 7 $kgU 

Maxlmum !Sensitivity Case) Price Scenario 

Assumption 

All costs are the pnces charactensbc for long-term contracts of major producers m the world market 
as assessed m [I], I e , these are pnces of the Reference case m [I] as shown below 

Phase 1 (Uranmm Extraction) 61 $/kgU as U308 

Phase 2 (Convers~on to UF6) 9 $/kgU as UF6 

Phase 3 (Uranmm Enr~chment) 122 $ / S W  

Phase 4 (Fuel Fabrlcatlon) 289 $/kgU 

Phase 7 (Long-term Fuel Storage off-Site) 153 $/kgU 

Phase 8 @ma1 Fuel Encapsulat~on and Disposal) 15 $kgU 
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Min~mum !Sens~tlvlty Case) Price Scenario 

The pnce of emched uramum is assumed to be zero n s  reflects the fact that a very large stock of 
ennched urmum, lncludlng hlghly ennched uramum, exlsts m Russia Although the level of 
emchrnent of a portlon of such stocks is less than requlred for reactor fuel, assummg a zero cost for 
ennched urmum remam a reasonable basis for establishmg a least cost In ths case, the cost of 
reactor fuel consists of two components fuel fabncatron and the back-end component Stnctly 
speakmg, the cost of fuel storage m stocks should be present also, but it is a rather small component 
and for the purpose of tlus study one can be dsregarded It should be remembered that &us scenano 
is to represent an extreme case, most favorable for nuclear power and designed wth the objectwe to 
mve&gate w b  the mtegrated model the marglnal system Impact of the cost of nuclear fuel In 
reality, such a case could occur only for a lmted quanbbes for nuclear fuel 

The pnces of fuel fabncabon, long-term storage and final fuel &sposal are assumed to be as m the 
average pnce scenano 

The set of data for the nunmum pnce scenano is shown below 

Phase 4 (Fuel Fabr~cat~on) 

Phase 7 (Long-term Fuel Storage off-S~te) 

Phase 8 (Fmal Fuel Encapsulat~on and Duposal) 

A2 5 EXAMPLE CALCULATIONS 

Example for the Average Pnce Scenario 

For VVER-1000 wrth the fuel emchrnent of 4 4 wt% (9 98 kg of natural U and 6 04 SWU per 1 kg of 
ennched uraum) the pnce of emched urmum wll be 

Talung mto account fuel fabrication and the back-end of fuel cycle, the final pnce of nuclear he1 
amounts to 
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At the average burnup of 40 MWd/kgU and net plant efficiency of 31 2% h s  is equvalent to the fuel 
component of the cost of electrrcity of 

Example for the Max~mum Pnce Scenano 

For the same VVER-1000 the pnce of ennched uraruum w11 be 

(61 + 9) 9 98 + 122 6 04 = 699 + 737 = 1436 $/kgU 

Accordmgly, the pnce of the nuclear fuel delivered to plant amounts to 

At the average burnup of 40 MWdIkgU and net plant efficiency of 3 1 2% h s  is equvalent to the fuel 
component of the cost of electncity of 

(One may notice that tlus number is close to typical numbers for US plants, see, e g , [3] ) 

Example for the Minimum Price Scenano 

For the same VVER-1000 the pnce of the nuclear fuel delwered to plant wll be 

At the average burnup of 40 MWd/kgU and net plant efficiency of 3 1 2% ths is equvalent to the fuel 
component of the cost of electncity of 

The nuclear fuel costs on a umt-by-mt basis are given m Appendur I as part of the mput data for the 
mtegratmg models 

A2 6 REFERENCES TO DATA SOURCES 

1 The Economics of the Nuclear Fuel Cycle OECD (Orgarusation for Economic Co- 
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operation and Development) / NEA (Nuclear Energy Agency) Revlsed Final Draft 
NEA/EFC/DOC(93) 1, June 1993 

2 Nuclear Fuel A biweekly Report from the Editors of Nucleomcs Week Vol 19, 
No 10-May 9,1994 

3 Projected Costs of Generating Electnc~ty Update 1992 OECD (Orgarusation for 
Economic Co-operation and Development) / IEA (International Energy Agency) / 
NEA (Nuclear Energy Agency) 1993 
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ANNEX 3 SUMMARIES OF BCC AND O&M COST EVALUATION RESULTS 

A3 1 INTRODUCTION 

The Base Construction Costs (BCC) and Non Fuel Operating and Mamtenance (O&M) Cost 
estimates developed for the JPNAS were prepared in accordance wth  the cost evaluation 
methodology discussed in Section 4 0 and 5 0 of t h s  final report The BCC and O&M costs were 
estimated as a constant January 1, 1994 US dollars 

The O&M costs are presented m terms of Fixed and Vanable costs Fixed costs are those whch are 
independent of the unit's output, such as staff salaries, and are given in dollars per lulowatt-year 
($/kW-yr) Vanable costs are those whch vary wth the w t ' s  output, such as expendable supplies, 
and are given in mills/lulowatt-hour (mills/kWh) 

A3 2 COST ESTIMATE RESULTS 

For converuence of use, the BCC summary tables are divided into three separate parts as follows 

Part A "Ovemght" BCC m thousands of constant 1/1/94 US dollars, mcluding 
direct and indlrect costs wth owner's and contmgency costs added, in an 
data base major system/structure code of accounts 

Part B The same costs as in Part A, but expressed as a percentage of the total 
ccOvermght" BCC 

Part C The same costs as m Part A, but expressed as dollars per gross lulowatts 
electric ($/gkWe) 

m l e  the summary overnight BCC may be found in Part A, cost hve r s  may be identified in Part 
B and the costs normalized to capacity may be reviewed in Part C Parts A and B also provide an 
activity (construchon and decomrmssiomg) durahon for each of the options, whle Part C provides 
a current year (1/1/94) present worth value for each of the options The RBMK project duration 
includes a 1 year shutdown for the jet condenser/confinement design and a 3 year shutdown for the 
full containment option (both include fuel channel replacement) The W E R  project durabon 
includes a 6 month shutdown for the jet condenser/confinement design and a 3 year shutdown for 
the full containment design 

Separate estimates based on conditions that prevail in the US and on Russian conditions are 
provided Two different estimates for Russian conditions are provided, one based upon US to 
Russian conversion factors developed by the JPNAS, in these tables labeled "JPNAS", and one 
based upon US to Russian conversion factors developed by the Russian Energy Research Institute 
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I for use in the JEPAS, m these tables labeled "ERI/JEPASfl 

I The costs in the tables are presented as maximum and minlmum estimates The maximum 
assessment for each option is the maximum cost of upgrade implementation among all m t s  
considered A smlar  definition is used for the rnmmum estimates Note that an "NIA" m the tables 

I refers to "Not Applicable" Also note that columns for WER-440 u t s  mclude data for all WER- 
440 models (V-23 0, V-2 13, and V- 179) 



"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 
(Contmuatlon, Repowenng, Complet~on/Upgrade, Upgrade, and New Generation 

Table A3-1A Under U S Condltlons on a Multl-Unlt Basls 

OPTION 6 
NEW 

GENERATION 

NF 500 

OPTION3 
REPOW 
ERlNG 

VVER 
1000 

1500 MWe 

123 572 

579 005 

81 869 

56 132 

43 566 

884,144 

118 353 

19 591 

51 745 

NIA 

189 689 

1 073 833 

383 359 

1,457,192 

24 

ENERGY 

ACCT 
NO 

2 1 

22 

23 

24 

25 

26 

1 

2 

9 1 

92 

93 

99 
- 

9 

2 + 9 

635 

HIGH 

160 476 

270001 

181 021 

64 882 

42 960 

31418 

750,758 

147 517 

40300 

88 652 

NIA 

276,469 

1 027 227 

427 326 

1,454,553 

(In Thousands of Constant January 1,1994 U S Dollars) 

ECONOMIC DATA BASE 

ACCOUNT 
DESCRIPTION 

STRUCTURES & 
IMPROVEMENTS 

REACTOR PLANT EQUIPMENT 

TURBINE PLANT EQUIPMENT 

ELECTRlC PLANT EQUIPMENT 

MISCELLANEOUS PLANT 
EQUrPT 

MAIN COND HEAT REJECTION 
SYS 

TOTAL DIRECT COST 

CONSTRUCTION SERVICES 

ENGINEERING & WO 
SERVICES 

FIELD SUPER & FIO SERVICES 

SOCIAL ECONOMIC COST 

TOTAL INDIRECT COST 

BASE CONSTRUCTION COST 

CONTINGENCY + OWNER S 
COST 

BCC WICONT + 0 C 

ACTIVITY DURATION 
(MONTHS) 

MWe 

LOW 

128 381 

216001 

144 817 

51 905 

34 368 

25 134 

600,606 

118 013 

32240 

70 921 

NIA 

221,174 

821,780 

341 861 

1,163,641 

48 

m O N 4  
COMPLE 

TIONl 
UPGRADE 

VVER 
1000 

1000 MWe 

81 104 

62 750 

33 289 

34 772 

17 212 

10 769 

239,896 

73 521 

93 023 

57 149 

NIA 

223,693 

463 589 

97 353 

560,942 

26 

OPTION 1 

WITH CONrINEMENT 

CONTINUATION 

WITH FULL 

OPTION 5 
UPGRADE 

OPERATING 
UNIT 

VVER-1000 

1000 

HIGH 

11 067 

23 487 

3 330 

10 273 

5 035 

53,192 

7 603 

20 661 

6 934 

NIA 

35 198 

88 390 

9 060 

97,450 

AND JET 
R R ~ I R  lnnn - . - . . - - - - - - - 

MWe 

LOW 

6 837 

15 109 

613 

4 544 

2 061 

29,164 

4 270 

15 077 

3 906 

NIA 

23,253 

52,417 

5 375 

57,792 

18 

CONDENSER 

. .--- ..- RHMK - . - . . - - - 1001l - . . . 
1000 

HIGH 

45 000 

77 129 

32 075 

577 

154 781 

20 022 

3 785 

15 152 

NIA 

38,959 

193,740 

30030 

223770 

24 

CONTAINMENT 

. .-.. ... 

440 

HIGH 

19 588 

32 836 

4 730 

6 794 

4 766 

984 

69 698 

8 849 

13674 

7 560 

NIA 

30,083 

99,781 

15 466 

115,247 

21 

1000 

IIIGH 

218 612 

146 782 

54315 

2 520 

422,229 

67 123 

15413 

57 552 

NIA 

140,088 

562 317 

87 159 

649,476 

36 

MWe 

LOW 

18 189 

41 846 

433 

60 468 

7 862 

1 504 

5 895 

NIA 

15,261 

75,729 

11 738 

87,467 

440 

IIIGH 

123 662 

43 806 

3 116 

29045 

5 118 

984 

205,731 

33 902 

42604 

33 440 

NIA 

109 946 

315 677 

48 930 

364,607 

MWc 

LOW 

2492 

6 362 

2 582 

5129 

619 

17,184 

2 135 

13418 

1875 

NIA 

17,428 

34 612 

5 365 

39,977 

MWe 

LOW 

156885 

95 712 

16684 

1 890 

271,171 

45759 

14499 

40 331 

NIA 

100,589 

371,760 

57 623 

429,383 

MWc 

LOW 

91 000 

28 395 

2 585 

5 090 

619 

127,689 

24 161 

36 173 

23 484 

NIA 

83,818 

211 507 

32 783 

244,290 

36 



"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 
(Continuation, Repowerlng, CompletlonIUpgrade, Upgrade, and New Generation 

Table A3-1B Under U S Cond~tlons on a Multl-Unlt Basis 

ENERGY 

ACCT 
NO 

2 1 

22 

23 

24 

25 

26 

I 

2 

91 

92 

93 

99 

9 

2 + 9 

ECONOMIC DATA BASE 

ACCOUNT 
DESCRIPTION 

STRUCTURES & 
IMPROVEMENTS 

REACTOR PLANT EQUIPMENT 

TURBINE PLANT EQUPMENT 

ELECTRIC PLANT EQUIPMENT 

MISCELLANEOUS PLANT 
EQUPT 

MAIN COND HEAT REJECTlON 
SYS 

TOTAL DIRECT COST 

CONSTRUCTION SERVICES 

ENGINEERING & WO 
SERVICES 

FIELD SUPER & FIO SERVICES 

SOCIAL ECONOMIC COST 

TOTAL INDIRECT COST 

BASE CONSTRUCTION COST 

CONTINGENCY + OWNERS 
COST 

BCC WICONT + 0 C 

ACTIVITY DURATION 
(MONTHS) 

(In Percentage of Constant January 1,1994 Base Construct~on Costs) 
OPTION 3 
REPOW 
ERlNG 

VVER 
1000 

1500 MWe 

11 5% 

53 9% 

7 6% 

5 2% 

4 1% 

82 3% 

11 0% 

1 8% 

4 8% 

NIA 

17 6% 

100 0% 

35 7% 

135 7 h 

24 

OPTION 1 

WIT11 CONFINEMENT 

 ON 4 
COMPLE 

TION/ 
UPGRADE 

VVER 
1000 

1000 MWe 

17 5% 

13 5% 

7 2% 

7 5% 

3 7% 

2 3% 

51 7% 

15 9% 

20 1% 

12 3% 

NIA 

48 3% 

100 0% 

21 0% 

121 0% 

26 

CONTINUATION 

\VITlI FULL 
AND JET 

RBMR 1000 
1000 

HIGH 

23 2% 

39 8% 

16 6% 

0 3% 

7 9 9 h  

103% 

2 0% 

7 8% 

NIA 

20 1%' 

100 0 h 

155% 

1155% 

24 

CONDENSER 
VVER 440 KBklK 1000 

M\Ve 

LOW 

24 0% 

55 3% 

0 5% 

798% 

104% 

2 0% 

7 8% 

NIA 

20 2% 

100 0% 

155Y 

1155% 

440 

HIGH 

196% 

32 9% 

4 7% 

6 8% 

4 8% 

1 0% 

6 9 8 h  

8 9 h  

13 7% 

7 8% 

N/A 

30 4% 

100 0% 

15 5% 

1155% 

21 

1000 

HIGH 

389% 

26 1% 

9 7% 

0 4% 

751%' 

11 9% 

2 7% 

10 2% 

NIA 

24 8% 

100 0% 

15 5% 

1155% 

36 

CONTAINMENT 

VVER 440 

~~ 
UPGRADE 

OPERATING 
UNIT 

VVER 1000 

MWe 

LOW 

7 2% 

184% 

7 5% 

14 8% 

1 8% 

497%' 

6 2% 

388% 

5 4% 

NIA 

504% 

100 0 h 

155% 

1155% 

MWe 

LOW 

42 2% 

257% 

4 5% 

0 5% 

72 9% 

12 3% 

3 9% 

10 8% 

NIA 

270% 

100 0% 

15 5% 

1155% 

440 

HIGH 

392% 

13 9% 

1 0% 

9 2% 

1 6% 

0 3% 

652% 

10 7% 

13 5% 

10 6% 

NIA 

34 8% 

100 0% 

15 5% 

1155% 

1000 

HIGH 

12 5% 

26 6% 

3 8% 

11 6% 

5 7% 

60 2% 

8 6% 

23 4% 

7 8% 

NIA 

39 8% 

100 0% 

10 3% 

110 3% 

18 

NEW 
GENERATION 

NF 500 

MWe 

LOW 

43 0% 

13 4% 

1 2% 

2 4% 

0 3% 

60 3% 

114% 

17 1% 

11 1% 

NIA 

39 6% 

100 0% 

15 5% 

1155% 

36 

MWe 

LOW 

13 0% 

28 8% 

1 2% 

8 7% 

4 0% 

55 7% 

8 1% 

28 8% 

7 5% 

NIA 

44 4% 

100 0% 

10 3% 

110 3% 

635 MWe 

15 6% 

26 3% 

17 6% 

6 3% 

4 2% 

3 1% 

73 1% 

14 4% 

3 9% 

8 6% 

NIA 

26 9% 

1000% 

41 6% 

141 6% 

48 

LOW 

15 6% 

26 3% 

17 6% 

6 3% 

4 2% 

3 1% 

73 1% 

14 4% 

3 9% 

8 6% 

NIA 

26 9% 

1000% 

41 6% 

141 6% 



"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 
(Contmuat~on, Repower~ng, Complet~on/Upgrade, Upgrade, and New Generat~on 

Table A3-1C Under U S Cond~t~ons on a Multl-Un~t Bas~s 

REPOIV 
ERlNC 

VVER 
1000 

1500 MWe 

83 

386 

55 

37 

29 

590 

79 

13 

35 

NIA 

127 

717 

255 

972 

627 

ENERGY 

ACCT 
NO 

21 

22 

23 

24 

25 

26 

2 

91 

92 

93 

99 

9 

2 + 9 

(In Constant January 1,1994 U S $/Gross kWe) 

ECONOMIC DATA BASE 

ACCOUNT 
DESCRIPTION 

STRUCTURES & 
IMPROVEMENTS 

REACTOR PLANT EQUIPMENT 

TURBINE PLANT EQUIPMENT 

ELECTRlC PLANT EQUIPMENT 

MISCELLANEOUS PLANT 
EQUIPT 

MAIN COND HEAT REJECTION 
SYS 

TOTAL DIRECT COST 

CONSTRUCTION SERVICES 

ENGNERING & WO 
SERVICES 

FIELD SUPER & FIO SERVICES 

SOCIAL ECONOMIC COST 

TOTAL INDIRECT COST 

BASE CONSTRUCTION COST 

CONTINGENCY + OWNERS 
COST 

BCC WICONT + 0 C 

PRESENT WORTH 

COMPLE 
TlONl 

UPGRADE 

VVER 
1000 

1000 MWe 

8 1 

63 

33 

35 

17 

I I 

240 

74 

93 

57 

NIA 

224 

464 

97 

56 I 

446 

OPTION 1 

WITH CONFINEMENT 

CONTINUATION 

\VITtI FULL 
AND JET 

P R M K  ..-..-.. IIIIIII .--- 

UPGRADE 
OPERATING 

UNIT 

VVER 1000 

1000 

IIIGH 

45 

77 

32 

I 

155 

20 

4 

I5 

NIA 

CONDENSER 

VVLH 440 

1000 

~m 

I I 

23 

3 

10 

5 

52 

8 

21 

7 

NIA 

R R M K  .." ..... I .lJU0 

NEW 
GENERATION 

NF 500 

MWe 

LOW 

18 

42 

0 

60 

8 

2 

6 

NIA 

39 

194 

30 

224 

158 

440 

HIGH 

45 

75 

I I 

15 

I I 

2 

159 

20 

31 

17 

NIA 

CONTAINMENT 

V V  . . hH ' AAn --" 

MWe 

LOW 

7 

15 

1 

5 

2 

30 

4 

IS 

4 

NIA 

1000 

HlGll 

219 

147 

54 

3 

423 

67 

15 

58 

NIA 

140 

563 

87 

650 

402 

635 MWe 

HIGH 

253 

425 

285 

102 

68 

49 

1,182 

232 

63 

140 

NIA 

435 

1,617 

673 

2 290 

1,291 

MWe 

LOW 

6 

14 

6 

12 

I 

39 

5 

30 

4 

NIA 

440 

HIGH 

28 1 

100 

7 

66 

12 

2 

468 

77 

97 

76 

NIA 

250 

718 

1 1 1  

829 

513 

MWe 

LOW 

157 

96 

17 

2 

272 

46 

14 

40 

NIA 

100 

372 

56 

428 

87 

LOW 

202 

340 

228 

82 

54 

40 

946 

186 

51 

112 

NIA 

349 

1,295 

538 

1,833 

896 

MWe 

LOW 

207 

65 

6 

12 

I 

291 

55 

82 

53 

NIA 

190 

481 

75 

556 

394 

36 

88 

9 

97 

63 

39 

78 

12 

90 

64 

16 

76 

12 

88 

28 

23 

53 

5 

- 

58 

37 

68 

227 

35 

262 

I88 



"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 
(Continuation, Repower~ng, Completion/Upgrade, Upgrade, and New Generation 

Table A3-2A Under Russian Conditions on a Multl-Unit Basis 
JPNAS 

NEW 
GENERATION 

NF 500 

0-4 
COMPLE 

TlONl 
UPGRADE 

VVER 
1000 

1000 MWe 

31 331 

31 780 

13 370 

I5 571 

6 735 

3 266 

102,053 

41 145 

34 884 

22 672 

NIA 

98,701 

200 754 

42 158 

242,912 

26 

Dollars) 
O m 3  
REPOW 
ERlNG 

VVER 
1000 

1500 MWe 

62 624 

324 444 

52 094 

28 927 

20 035 

488,124 

67 947 

7 347 

20 273 

NIA 

95 567 

583,691 

208 378 

792 069 

24 

635 MWe 

r n  

72072 

172 676 

111 771 

34 948 

21320 

17 314 

430 101 

79711 

15 112 

34 352 

NIA 

129 175 

559,276 

232 660 

791,936 

48 

ENERGY 

ACCT 
NO 

2 1 

22 

23 

24 

25 

26 

2 

9 1 

92 

93 

99 

9 

2 + 9 

LOW 

57 658 

138 141 

89417 

27 958 

17056 

13 851 

344,081 

63 769 

12 090 

27482 

NIA 

103 341 

447,422 

186 128 

633,550 

(In Thousands of Constant January 1,1994 U S 

ECONOMIC DATA BASE 

ACCOUNT 
DESCRIPTION 

STRUCTURES & 
IMPROVEMENTS 

REACTOR PLANT EQUIPMENT 

TURBINE PLANT EQUIPMENT 

ELECTRIC PLANT EQULPMENT 

MISCELLANEOUS PLANT 
EQUIPT 

MAIN COND HEAT REJECTION 
SYS 

TOTAL DIRECT COST 

CONSTRUCTION SERVICES 

ENGINEERING & WO 
SERVICES 

FIELD SUPER & r / 0  SERVICES 

SOCIAL ECONOMIC COST 

TOTAL INDIRECT COST 

BASE CONSTRUCTION COST 

CONTINGENCY + OWNERS 
COST 

BCC WICONT + 0 C 

ACTIVITY DURATION 
(MONTHS) 

--N6 
UPGRADE 

OPERATING 
UNIT 

W E R  1000 

1000 

HIGH 

4 647 

13 146 

1 796 

6 539 

2 002 

28,130 

4 971 

7 748 

2 512 

NIA 

15,231 

43 361 

4 445 

47,806 

OPTION 1 

WITH CONFINEMENT 

MWe 

LOW 

2 858 

8 391 

407 

2 786 

794 

15,236 

2 796 

5 654 

1417 

NIA 

9,867 

25 103 

2 573 

27,676 

18 

CONTINUATION 

WITH FULL 
AND JET 

KBMKlOOO KUMK IUUU 

CONDENSER 

VVER 440 
1000 

HIGH 

20 442 

46 642 

21 665 

316 

89065 

12 865 

1419 

5 479 

NIA 

19 763 

108,828 

16 868 

125 696 

1000 

HIGH 

95188 

85 400 

36 621 

1016 

218 225 

43 804 

5 780 

20969 

NIA 

70,553 

288 778 

44761 

333,539 

CONTAINMENT 

VVhK 44U 
440 

i r r a ~  

9 034 

20 558 

2 690 

4 572 

1 801 

387 

39,042 

5 738 

5 128 

2 733 

NIA 

13,599 

52 641 

8 159 

60 800 

21 

MWe 

LOW 

8 620 

25 883 

237 

34,740 

5 054 

564 

2 125 

NIA 

7,743 

42 483 

6 585 

49,068 

24 

MIVe 

LOW 

68341 

54 606 

11 217 

762 

134 926 

29 979 

5 437 

14713 

NIA 

50 129 

185,055 

28684 

213,739 

36 

440 

IIIGH 

53132 

25 517 

1 790 

17029 

1 985 

387 

99 840 

22 359 

I5 976 

12203 

NIA 

50 538 

150 378 

23 309 

173,687 

MWe 

LOW 

1123 

3 960 

1 344 

3 083 

245 

9,755 

1 382 

5 032 

670 

NIA 

7,084 

16 839 

2610 

19,449 

MWe 

LOW 

38 070 

15 731 

1 346 

3 059 

245 

58 451 

15 937 

13 565 

8 582 

NIA 

38 084 

96,535 

14 963 

111,498 

36 



"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 
(Continuation, Repowering, Complet~on/Upgrade, Upgrade, and New Generation 

Table A3-2B Under Russian Conditions on a Multi-Unit Basis 
(As Percentage of January 1,1994 Base Construct~on Costs) 

0-4 
COMPLE 

TIONl 
UPGRADE 

VVER 
1000 

1000 M W e  

15 6% 

15 8% 

6 7% 

7 8% 

3 4% 

1 6% 

50 9% 

20 5% 

17 4% 

11 3% 

NIA 

49 2% 

100 0% 

21 0% 

121 0% 

26 

ENERGY 

ACCT 
NO 

21 

22 

23 

24 

25 

26 

2 

91 

92 

93 

99 

9 

2 + 9 

ECONOMIC DATA BASE 

ACCOUNT 
DESCRIPTION 

STRUCTURES & 
IMPROVEMENTS 

REACTORPLANTEQUIPMENT 

TURBINE PLANT EQUIPMENT 

ELECTRIC PLANT EQUIPMENT 

MISCELLANEOUS PLANT 
EQUIPT 

MAIN COND HEAT REJECTION 
SYS 

TOTAL DlRECT COST 

CONSTRUCTION SERVICES 

ENGINEERING & WO 
SERVICES 

FIELD SUPER & El0 SERVICES 

SOCIAL ECONOMIC COST 

TOTAL INDIRECT COST 

BASE CONSTRUCTION COST 

CONTINGENCY + OWNERS 
COST 

BCC WICONT + 0 C 

ACTIVITY DURATION 
(MONTHS) 

3 
REPOW 
ERING 

VVER 
1000 

1500MWe 

10 7% 

55 6% 

8 9Y 

5 0% 

3 4% 

8 3 6 h  

11 6 h  

1 3% 

3 5% 

NIA 

16 4% 

100 0% 

35 7% 

135 7% 

24 

OPTION 5 
UPGRADE 

OPERATING 
UNIT 

VVER 1000 

OPTION 1 

WITH CONFINEMENT 

1000 

10 7% 

30 3% 

4 1% 

15 1% 

4 6% 

64 8% 

11 5% 

17 9% 

5 8% 

NIA 

35 2% 

100 0% 

10 3% 

110 3% 

18 

JPNAS 

NEW 
GENERATION 

NF 500 

CONTINUATION 

WITH FULL 

MIVe 

LOW 

11 4 h  

33 4% 

1 6% 

11 I %  

3 2% 

60 7% 

11 1% 

22 5% 

5 6% 

NIA 

39 2% 

100 0% 

10 3% 

110 3% 

635 MWe 

H I G H  

12 9% 

30 9% 

20 0% 

6 2% 

3 8% 

3 1% 

7 6 9 h  

14 3% 

2 7% 

6 1% 

NIA 

23 1% 

1OOOh 

41 6% 

141 6% 

48 

AND JET 

I W M K  lOUU 

LOW 

12 9% 

30 9% 

20 0% 

6 2% 

3 8% 

3 1% 

76 9% 

14 3% 

2 7% 

6 1% 

NIA 

23 1% 

1000% 

41 6% 

141 6% 

1000 

HIGH 

188% 

429% 

19 9% 

0 3% 

81 9% 

118% 

1 3% 

5 0% 

NIA 

18 1% 

100 0 h 

155% 

1155% 

24 

HUMK lUUU 

CONDENSER 

VVtiH 44U 
MWe 

LOW 

203% 

609% 

0 6% 

81 8% 

119% 

1 3% 

5 0% 

NIA 

l 8 2 Y  

100 0% 

155% 

1155% 

1000 

tIIGLf 

33 0% 

296% 

127% 

0 4% 

75 70/ 

15 2% 

2 0% 

7 3% 

NIA 

245% 

100 0% 

155% 

1155% 

36 

440 

HIGlI 

17 2% 

39 1% 

5 1% 

8 7% 

3 4% 

0 7% 

742% 

109% 

9 7% 

5 2% 

NIA 

258% 

100 0% 

155% 

1155% 

21 

CONTAINMENT 

VVER 440 
M\Ve 

LOW 

369% 

29 5% 

6 1% 

0 4% 

72 90/ 

16 2% 

2 9% 

8 0% 

NIA 

27 1% 

100 0% 

155% 

1155% 

MWe 

LOW 

6 7% 

23 5% 

8 0% 

183% 

I 59' 

58 0% 

8 2% 

29 9% 

4 0% 

NIA 

42 1% 

100 0% 

155% 

1155% 

440 

35 3% 

17 0% 

1 2% 

11 3% 

1 3% 

0 3% 

66 40/ 

14 9% 

LO 6% 

8 1% 

NIA 

336%' 

100 0% 

155% 

1155% 

MWe 

LOW 

39 4% 

16 3Y 

1 4% 

3 2% 

0 3% 

6 0 6 h  

16 5% 

14 1% 

8 9% 

N/A 

39 50/ 

100 0% 

15 5% 

1155% 

36 



"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 
(Contlnuat~on, Repowenng, CompletlonIUpgrade, Upgrade, and New Generatson 

Table A3-2C Under Russlan Condltlons on a Multl-Unlt Basls 

4 
COMPLE 

TIONI 
UPGRADE 

VVER 
1000 

1000 MWe 

3 1 

32 

13 

16 

7 

3 

102 

41 

35 

23 

NIA 

99 

201 

42 

243 

193 

O P T ~ T T O N  
REPOW 
ERlNG 

VVER 
1000 

1500 MWe 

42 

216 

35 

19 

13 

325 

45 

5 

13 

NIA 

63 

389 

139 

527 

341 

ENERGY 

ACCT 
NO 

2 1 

22 

23 

24 

25 

26 

2 

9 1 

92 

93 

99 

9 

2 + 9 

(In Constant January 1,1994 U S $/Gross kWe) 

ECONOMIC DATA BASE 

ACCOUNT 
DESCRIPTION 

STRUCTURES & 
IMPROVEMENTS 

REACTOR PLANT EQUIPMENT 

TURBINE PLANT EQUIPMENT 

ELECTRJC PLANT EQUIPMENT 

MISCELLANEOUS PLANT 
EQUIPT 

MAIN COND HEAT REJECTION 
SYS 

TOTAL DIRECT COST 

CONSTRUCTION SERVICES 

ENGINEERING & WO 
SERVICES 

FIELD SUPER & F/O SERVICES 

SOCIAL ECONOMIC COST 

TOTAL INDIRECT COST 

BASE CONSTRUCTION COST 

CONTINGENCY + OWNERS 
COST 

BCC IVICONT + 0 C 

PRESENT WORTH 

orrm 5 
UPGRADE 

OPERATING 
UNIT 

VVER 1000 

OPTION l 

WITH CONFINEMENT 

JPNAS 
OPI'ION 6 

NEW 
GENERATION 

NF 500 

1000 

HIGH 

5 

13 

2 

7 

2 

29 

5 

8 

3 

NIA 

16 

45 

4 

49 

31  

CONTINUATION 

WITH FULL 

635 MIVe 

HIGH 

113 

272 

176 

55 

34 

27 

677 

126 

24 

54 

NIA 

204 

881 

405 

1,286 

567 

MWe 

LOW 

3 

8 

0 

3 

I 

15 

3 

6 

1 

NIA 

10 

25 

3 

28 

18 

LOW 

91 

218 

141 

44 

27 

22 

543 

100 

19 

43 

NIA 

162 

705 

293 

998 

489 

AND JET 
u n ~ R  innn ..- ..... ."-- -. u - . . - - - - - - - 
1000 

7 l k H  

20 

47 

22 

0 

89 

13 

1 

5 

NIA 

19 

108 

17 

125 

89 

CONDENSER 

VV-K . .O 
1000 

HIGH 

95 

85 

37 

1 

218 

44 

6 

21 

NIA 

71 

289 

45 

334 

206 

MWe 

LOW 

9 

26 

0 

35 

5 

1 

2 

NIA 

8 

43 

7 

50 

16 

440 

HIGH 

2 1 

47 

6 

10 

4 

I 

89 

13 

12 

6 

NIA 

31 

120 

19 

139 

99 

CONTAINMENT 

u p  . . .,.. .-- 
MWe 

LOW 

68 

55 

11 

1 

135 

30 

5 

15 

NIA 

50 

185 

29 

2 I4 

43 

MWe 

LOW 

3 

9 

3 

7 

1 

23 

3 

11 

2 

NIA 

16 

39 

6 

45 

31 

440 

HIGH 

121 

58 

4 

39 

5 

1 

228 

51 

36 

28 

NIA 

115 

343 

53 

396 

244 

MIVe 

LOW 

87 

36 

3 

7 

I 

134 

36 

3 1 

20 

NIA 

87 

221 

34 

255 

180 



pi- 
/- 

"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 
(Continuation, Repowering, CompletionNpgrade, Upgrade, and New Generation 

Table A3-3A Under Russian Conditions on a Multi-Unit Bas~s 
(In Thousands of Constant January 1,1994 U S Dollars) 

ON3 
REPOW 
ERlNG 

VVER 
1000 

1500 MWe 

53 776 

224 212 

36 694 

21 564 

13 302 

349,548 

51 974 

1 959 

6 778 

UPGRADE 
OPERATING 

UNIT 

VVER-1000 

I000 MWe 

9 

2 + 9 

L@TRJN4 
COMPLE 

TIONI 
UPGRADE 

VVER 
1000 

1000 MlVe 

22 513 

22 320 

8 667 

10 937 

4 291 

1 842 

70 570 

31 837 

9 302 

8 756 

ENERGY ECONOMIC DATA BASE 

ERI-JEAS 
OPII- 

NEW 
GENERATION 

NF 500 

635 MWe 

HIGH 

3 494 

9 202 

1 320 

4 604 

1 232 

19,852 

4 114 

2 066 

705 

OPTION 1 CONTINUATION 

ACCT 
NO 

2 1 

22 

23 

24 

25 

26 

2 

9 1 

92 

93 

HIGH 

56 518 

122 744 

78 484 

24 704 

14 594 

12010 

309,054 

62 640 

4 030 

12 481 

LOW 

2 147 

5 886 

289 

1 946 

481 

10 749 

2311 

1 SO8 

397 

TOTAL INDIRECT COST 

BASE CONSTRUCTION COST 

CONTINGENCY + OWNERS 
COST 

BCC WICONT + 0 C 

ACTIVITY DURATION 
(MONTHS) 

ACCOUNT 
DESCRIPTION 

STRUCTURES & 
IMPROVEMENTS 

REACTOR PLANT EQUIPMENT 

TURBINE PLANT EQUlPMENT 

ELECTRIC PLANT EQUIPMENT 

MISCELLANEOUS PLANT 
EQUIPT 

MAR4 COND HEAT REJECTION 
SYS 

TOTAL DIRECT COST 

CONSTRUCTION SERVICES 

ENGINEERING & WO 
SERVICES 

FIELD SUPER & FIO SERVICES 

LOW 

45 214 

98 195 

62 787 

19 764 

11 675 

9608 

247 243 

50 112 

3 224 

9 985 

WITH CONFINEMENT 
AND JET CONDENSER 

12,791 

77,590 

12 027 

89 617 

WITH FULL 

HBMK IUUU 
1000 MlVe 

5,024 

30 619 

4 746 

35,365 

- -WETI 440 
440 MWe 

R B h n ~  l U U U  
1000 MWe 

IIIGH 

16 599 

32 5 15 

15 443 

242 

64,799 

10879 

379 

1 533 

24 

tIIGI1 

6 385 

14 362 

1 847 

3 247 

1 097 

281 

27,219 

4 784 

1 367 

774 

HIGH 

67446 

59296 

26 053 

720 

153,515 

36 485 

1 541 

5 809 

CONTAINMENT 
- - 

440 MWe 

LOW 

7 249 

18 164 

182 

25,595 

4271 

150 

603 

6,925 

34,144 

5 293 

39 437 

LOW 

740 

2 761 

983 

2 139 

179 

6 802 

1 153 

1 342 

202 

LOW 

48283 

37810 

802 

540 

87 435 

24 875 - - - - - - - - - -  
1 450 

4 074 

HlGll 

37095 

17598 

1 227 

12 445 

1 220 

281 

69,866 

18 360 

4 260 

3 398 

21 

LOW 

26 432 

10 730 

984 

2 122 

179 

40 447 

13 134 

3 617 

2 392 

2,697 

9,499 

1472 

10,971 

36 

43 835 

197,350 

30 589 

227,939 

36 

30,399 

117,834 

18 264 

136,098 

24 

26,018 

95 884 

14 882 

110,766 

26 

19,143 

59,590 

9 236 

68 826 

18 

60,711 

410,259 

146 462 

556,721 

48 

49,895 

120,465 

25 298 

145,763 

6,885 

26 737 

2 741 

29,478 

4,2 16 

14,965 

1 534 

16,499 

79,151 

388,205 

160662 

548,867 

63 321 

310,564 

129 195 

439,759 



"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 
(Contlnuatlon, Repowermg, CompletlonlUpgrade, Upgrade, and New Generation 

Table A3-3B Under Russ~an Condrtrons on a Multl-Unlt Basls 

ENERGY 

ACCT 
NO 

2 1 

22 

23 

24 

25 

26 

2 

91 

92 

93 

99 

9 

2 + 9 

Costs) 
OP'l'ION3 
REPOW- 
ERlNG 

VVER 
1000 

1500 M\Ve 

13 1% 

54 7% 

8 9% 

5 3% 

3 2% 

85 2% 

12 7% 

0 5% 

1 7% 

NIA 

14 9% 

100 0% 

35 7% 

135 7 h 

24 

(In Percentage of January 1,1994 Base Construct~on 

ECONOMIC DATA BASE 

ACCOUNT 
DESCRIPTION 

STRUCTURES & 
IMPROVEMENTS 

REACTOR PLANT EQUIPMENT 

TURBINE PLANT EQUIPMENT 

ELECTRIC PLANT EQUIPMENT 

MISCELLANEOUS PLANT 
EQUIPT 

MAIN COND HEAT REJECTION 
SYS 

TOTAL DIRECT COST 

CONSTRUCTION SERVICES 

ENGINEERING & WO 
SERVICES 

FIELD SUPER & FIO SERVICES 

SOCIAL ECONOMIC COST 

TOTAL INDIRECT COST 

BASE CONSTRUCTION COST 

CONTINGENCY + OWNERS 
COST 

BCC WICONT + 0 C 

ACTIVITY DURATION 
(MONTHS) 

ERI-JEAS 
OPI'ION 6 

NEW 
GENERATION 

NF 500 

m O ~ 4  
COMPLE 

TIONI 
UPGRADE 

VVER 
1000 

1000 MWe 

18 7% 

18 5% 

7 2% 

9 1% 

3 6% 

I 5% 

58 6% 

28 6% 

7 7% 

7 3% 

NIA 

43 6% 

100 0% 

21 0% 

121 0% 

26 

OPTION 1 

WITH CONFINEMENT 

635 MWe 

HIGH 

14 6% 

31 6% 

20 2% 

6 4% 

3 8% 

3 1% 

7 9 7 h  

16 1% 

1 0% 

3 2% 

NIA 

20 3% 

100 Oh 

41 6% 

141 6% 

48 

CONTINUATION 

WITH FULL 

LOW 

14 6% 

31 6% 

20 2% 

6 4% 

3 8% 

3 1% 

7 9 7 h  

16 1% 

1 0% 

3 2% 

NIA 

20 3% 

100 0% 

41 6% 

141 6% 

OPTION 5 
UPGRADE 

OPERATING 
UNIT 

VVER 1000 
AND JET 

-.-..-.- -""- 
CONDENSER 

. .dm. ..- 
1000 

HIGH 

13 1% 

34 4% 

4 9% 

17 2% 

4 0% 

73 65' 

I5 4% 

7 7% 

2 8% 

NIA 

25 9% 

100 0% 

10 3% 

110 3% 

1000 

HIGH 

214% 

41 9% 

19 9% 

0 3% 

835% 

14 0% 

0 5% 

2 0% 

NIA 

16 5% 

100 0% 

155% 

1155% 

24 

MUM-- -.-...-- ---- 
CONTAINMENT 

. .--- 
440 

HIGH 

187% 

42 1% 

5 40/ 

9 5% 

3 2% 

0 8% 

7970/ 

140% 

4 0% 

2 3% 

N/A 

2035' 

100 0 h 

155% 

1155% 

21 

MWe 

LO\V 

14 3% 

39 3% 

1 9% 

13 0% 

3 2% 

71 7% 

15 4% 

10 1% 

2 7% 

NIA 

28 2% 

100 0% 

10 3% 

110 3% 

18 

MWe 

LOW 

237% 

59 3% 

0 6% 

8 3 6 h  

140% 

0 5% 

2 0% 

NIA 

16 5% 

100 0% 

155% 

1155% 

1000 

HIGH 

34 2% 

30 0% 

13 2% 

0 4% 

7 7 8 h  

185% 

0 8% 

2 9% 

NIA 

22 2 h  

I00 0% 

155% 

1155% 

36 

440 

HIGH 

38 7% 

18 4% 

1 3% 

13 0% 

1 3% 

0 3% 

7305' 

19 1% 

4 4% 

3 5% 

NIA 

2705' 

100 0% 

155% 

1155% 

MWe 

LOW 

7 8% 

29 1% 

10 3% 

22 5% 

1 9% 

716% 

12 1% 

14 1% 

2 1% 

NIA 

28 3% 

100 0% 

15 5% 

1155% 

MWe 

LOW 

41 0% 

32 1% 

0 7% 

0 5% 

743% 

21 Oh 

1 2% 

3 5% 

NIA 

25 7% 

100 05' 

155% 

115 5% 

MWe 

LOW 

44 4% 

180% 

1 7% 

3 6% 

0 3% 

68 05' 

22 0% 

6 1% 

4 0% 

NIA 

32 1% 

100 0 h 

15 5% 

11550/ 

36 



"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 
(Contmuatlon, Repowering, CompletlonIUpgrade, Upgrade, and New Generation 

Table A3-3C Under Russlan Condit~ons on a Multl-Unit Basis 

ENERGY ECONOMIC DATA BASE 

ACCT 
NO 

2 1 

22 

23 

24 

25 

26 

2 

9 1 

92 

93 

(In Constant January 1,1994 U S  $/Gross kWe) 

OPTION 1 CONTINUATION 

ACCOUNT 
DESCRIPTION 

STRUCTURES & 
IMPROVEMENTS 

REACTOR PLANT EQUIPMENT 

TURBINE PLANT EQUIPMENT 

ELECTRIC PLANT EQUIPMENT 

MISCELLANEOUS PLANT 
EQUIPT 

MAIN COND HEAT REJECTION 
SYS 

TOTAL DIRECT COST 

CONSTRUCTION SERVICES 

ENGINEERING & WO 
SERVICES 

FIELD SUPER & FIO SERVICES 

9 

2 + 9 

-- 

o ~ T l o ~ 3  
REPOW 
ERlNG 

VVER 
1000 

1500 MWe 

36 

149 

25 

15 

9 

233 

35 

1 

5 

WITH CONFINEMENT 
AND JET CONDENSER 

TOTAL INDIRECT COST 

BASE CONSTRUCTION COST 

CONTINGENCY + OWNERS 
COST 

-- 

BCC \V/CONT + 0 C 

PRESENT WORTH 

T P T R T N ~  
COMPLE- 

TION/ 
UPGRADE 

VVER 
1000 

1000 MWe 

23 

22 

9 

11 

4 

2 

71 

32 

9 

9 

WITH FULL 
CONTAINMENT 

RBMK 1000 
1000 MWe 

13 

78 

12 

90 

63 

ERI-JAES 

VVEH 441) 
440 MWe 

HIGH 

17 

33 

15 

0 

65 

I I 

0 

2 

R m  1000 
1000 MWe 

HIGH 

15 

33 

4 

7 

2 

1 

62 

11 

3 

2 

LOW 

7 

18 

0 

25 

4 

0 

1 

HIGH 

67 

59 

26 

1 

153 

36 

2 

6 

VVEH 440 
440 MWe 

5 

30 

5 

35 

11 

LOW 

2 

6 

2 

5 

0 

15 

3 

3 

0 

LOW 

48 

38 

1 

1 

88 

25 

1 

4 

HIGH 

84 

40 

3 

28 

3 

1 

159 

42 

10 

8 

UPGRADE 
OPERATING 

UNIT 

VVER 1000 

1000 MWe 
LOW 

60 

24 

2 

5 

0 

91 

30 

8 

5 

3 

9 

1 

5 

1 

19  

4 

2 

1 

NEW 
GENERATION 

NF 500 

635 Mwe 

16 

78 

12 

- 

90 

64 

m 1 - m  

2 

6 

0 

2 

0 

10 

2 

2 

0 

89 

193 

124 

39 

23 

19 

487 

99 

6 

20 

LOW 

71 

155 

99 

3 1 

18 

15 

389 

79 

5 

16 

6 

21 

3 

- - 

24 

18 

44 

197 

31 

228 

141 

30 

118 

18 

136 

28 

60 

219 

34 

253 

156 

43 

134 

2 1 

155 

111 

41 

274 

97 

371 

240 

50 

121 

25 

146 

116 

7 

26 

3 

29 

19 

4 

14 

2 

16 866 692 

11 415 339 

125 

612 

254 

100 

489 

203 

- 



"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 
(Optlon-2 Decomm~ss~onmg) 

Table A3-4A Under U S Condlt~ons on a Multl-Un~t Basls 
(In Thousands of Constant January 1,1994 U S Dollars) 

I EN-MIC 
DATA BASE I PLANNED DECOMMISSIONING I EARLY DECOMMISSIONING 

I I I RUSSIAN APPROACH I U S  APPROACII I RUSSIAN APPROACH I U S APPROACll 

ACCOUNT 
No I DESCRIPTION 

IUUU rn 
klWe 440 

LOW w m  

I STRUCTURES & 
IMPROVEMENTS I 1 1 5  

REACTOR PLANT 38 437 
EQUIPMENT 

TURBINE PLANT 
EQUIPMENT 

ELECTRIC PLANT 
EQUIPMENT 

MISCELLANEOUS 
PLANT EQUlPT 

2 6  1 MAINCONDHEAT I 

2 TOTAL DIRECT I 45,552 I COST 

CONSTRUCTION 440 787 
SERVICES 

ENGINEERING & WO 
SERVICES 

93 FIELD SUPER & F/O 489 370 
SERVICES 

99 ( SOCIAL ECONOMIC 1 112 182 

ACTIVITY 
DURATION 
(MONTHS) 

c a  
aL, 

516 516 144 120 

- - -  

480 

-- 

480 144 120 





"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 
(Opt~on-2 Decommrss~onmg) 

Table A3-5A Under U S Condltlons on a Multl-Unlt Basls 

ACC 
NO 

2 1 

22 

23 

24 

25 

26 

2 

9 1 

92 

93 

99 

9 

2 + 9  

1IC 
DATA BASE 

ACCOUNT 
DESCRIPTION 

STRUCTURES & 
IMPROVEMENTS 

REACTOR PLANT 
EQUIPMENT 

TURB WE PLANT 
EQUIPMENT 

ELECTRIC PLANT 
EQUIPMENT 

MISCELLANEOUS 
PLANT EQUIPT 

MAW COND HEAT 
REJECTION SYS 

TOTAL DIRECT 
COST 

CONSTRUCTION 
SERVICES 

ENGINEERING & WO 
SERVICES 

FIELDSUPER &F/O 
SERVICES 

SOCIAL ECONOMIC 
COST 

TOTAL INDIRECT 
COST 

BASE 
CONSTRUCTION 
COST 

CONTINGENCY 

BCC 
WICONTINGENCY 

ACTIVITY 
DURATION 
(MONTHS) 

(In Thousands of Constant January 1,1994 U S Dollars) JPNAS 
PLANNED DECOMMISSIONING EARLY DECOMMISSIONING 

RUSSIAN 

HBMK 
1000 

MIGH 

3 043 

25 202 

28,245 

90924 

483 

50884 

11 218 

153 509 

181,754 

27 263 

209,017 

1000 
M\Ve 

LOW 

0 

87 710 

48 381 

11 218 

147,309 

147,309 

22 096 

169405 

516 

APPROACH APPROACH 

440 
HIGH 

3 043 

12 447 

15490 

65 141 

357 

24 510 

8 196 

98,204 

113,694 

17 054 

130,748 

440 

3 043 

12 447 

15490 

65 129 

357 

24491 

8 890 

98,867 

114 357 

17 154 

131,511 

U S 

MWe 
LOW 

0 

62 956 

22 630 

8 196 

93,782 

93,782 

14 067 

107,849 

516 

MWe 
LOW 

0 

62 944 

22610 

8 890 

94,444 

94,444 

14 167 

108 611 

480 

U S 

1000 
1llGtl 

3 043 

25 202 

28245 

42 990 

483 

31 173 

11218 

85,864 

114,109 

17 116 

131,225 

APPROACH 

1000 
'-Fmm 

3 043 

25 202 

28,245 

42 990 

483 

31 173 

13 857 

88 503 

116,748 

17 512 

134,260 

MWe 
LOW 

0 

39 777 

28669 

11 218 

79,664 

79,664 

11 950 

91,614 

144 

APPROACH 

440 
~m 
3 043 

12 447 

15490 

42 924 

357 

23264 

9012 

75 557 

91,047 

13 657 

104,704 

MWe 
LOW 

0 

39 777 

28669 

13 857 

82,303 

82,303 

12 345 

94,648 

144 

RUSSIAN 

440 
HlGll 

3 043 

12 447 

15,490 

42 924 

357 

23 264 

8 196 

74,741 

90,231 

13 535 

103 766 

MWe 
LOW 

0 

40739 

21 384 

9 012 

I 

71,135 

71,135 

10 670 

81,805 

120 

1000 
HlGH 

3 043 

25 202 

28,245 

90 844 

483 

50815 

13 578 

155,720 

183 965 

27 595 

211 560 

MWe 
LOW 

0 

40 739 

21 384 

8 196 

70,319 

70,319 

10 546 

80 865 

120 

IOU0 
MWe 

LOW 

0 

87 631 

48312 

13 578 

149 521 

149 521 

22 428 

171,949 

480 



"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 
(Opt~on-2 Decomm~ss~onmg) 

Table A3-5B Under U S Condltlons on a Multi-Unlt Basls 

1 (In Percentage of January 1,1994 Base Construct~on Costs) JPNAS I 
DATA BASE I PLANNED DECOMMISSIONING EARLY DECOMMISSIONING 1 

I RUSSIAN APPROACH I U S  APPROACH I RUSSIAN APPROAClI I U S  APPROACH 



"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 
(Optlon-2 Decomm~ss~on~ng) 

Table A3-5C Under U S Condltlons on a Multl-Un~t Basls 

ACC 
NO 

2 1 

22 

23 

24 

25 

26 

2 

91 

92 

93 

F 

99 

9 

2 + 9  

IC 
DATA BASE 

ACCOUNT 
DESCRIPTION 

STRUCTURES & 
IMPROVEMENTS 

REACTOR PLANT 
EQUIPMENT 

TURBINE PLANT 
EQUPMENT 

ELECTRIC PLANT 
EQUIPMENT 

MISCELLANEOUS 
PLANT EQUIPT 

MAIN COND HEAT 
REJECTION SYS 

TOTAL DIRECT 
COST 

CONSTRUCTION 
SERVICES 

ENGINEERING & WO 
SERVICES 

FIELD SUPER & FIO 
SERVICES 

SOCIAL ECONOMIC 
COST 

TOTAL INDIRECT 
COST 

BASE 
CONSTRUCTION 
COST 

CONTINGENCY 

BCC 
WICONTINGENCY 

PRESENT WORTH 

(In Constant January 1,1994 U S $/Gross kWe) JPNAS 
PLANNED 

- 
DECOMMISSIONING EARLY DECOMMISSIONING 

RUSSIAN APPROACH U S  

HBMR 
1000 

HIGH 

3 

25 

28 

91 

0 

5 1 

11 

153 

181 

27 

208 

22 0 

VVER 
440 

IIlGH 

7 

28 

35 

148 

1 

56 

19 

224 

259 

39 

298 

26 9 

HBMR 
1000 

HIGII 

3 

25 

28 

43 

0 

'31 

I I 

85 

113 

17 

130 

172  

1000 
MWe 

LOW 

0 

88 

48 

11 

147 

147 

22 

169 

1 8  

440 
MWe 

LOW 

0 

143 

5 1 

19 

213 

213 

32 

245 

4 1 

1000 
MWe 

LOW 

0 

40 

29 

11 

80 

80 

12 

92 

1 1  

APPROACH 

440 
HIGH 

7 

28 

35 

98 

1 

53 

19 

171 

206 

3 1 

237 

26 7 

RUSSIAN APPROACH 

MWe 
LOW 

0 

93 

49 

19 

161 

161 

24 

185 

3 6 

1000 
-mm 

3 

25 

28 

9 1 

0 

5 1 

14 

156 

184 

28 

212 

31 2 

440 
HIGH 

7 

28 

35 

148 

1 

56 

20 

225 

260 

39 

299 

39 4 

1000 
MWe 

LOW 

0 

88 

48 

14 

150 

150 

22 

172 

2 6 

MWe 
LOW 

0 

143 

5 1 

20 

214 

214 

32 

246 

5 8 

U S  

1000 
HIGH 

3 

25 

28 

43 

0 

3 1 

14 

88 

116 

18 

134 

27 8 

APPROACH 

MWe 
LOW 

0 

40 

29 

14 

83 

83 

12 

95 

1 8  

440 
HIGH 

7 

28 

35 

98 

1 

53 

20 

172 

207 

3 1 

238 

41 6 

MWe 
LOW 

0 

93 

49 

20 

162 

162 

24 

186 

5 5 



"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 
(Optron-2 Decommissronmg) 

Table A3-6A Under U S Condrtrons on a Multr-Unit Basrs 
(In Thousands of Constant January 1,1994 U S Dollars) 

-I 
-- - 

RUSSIAN APPROACH I U S APPROACH I RUSSIAN APPROACH I U S  APPROACH I 
ACC 

NO 

EARLY DECOMMISSIONING 
DATA BASE 

ACCOUNT 
DESCRIPTION 

PLANNED DECOMMISSIONING 

v 
440 MWe v 

I I I 

REACTOR PLANT 18 008 
EQUIPMENT 

TURBINE PLANT 
EQUIPMENT 1 1 1 1  
ELECTRIC PLANT 
EQUIPMENT 1 1 1 1  

-- - 

MISCELLANEOUS 
PLANT EQUIPT 

2 TOTAL DIRECT 120288 1 0 111080 1 0 1 COST 

CONSTRUCTION 90 391 87 710 64 754 62 956 
SERVICES 

ENGINEERING & WO 129 95 
SERVICES 

93 FIELD SUPER & FIO 49 897 48 381 23 807 22 630 
SERVICES 

99 SOCIAL ECONOMIC 1 1  218 I I 218 8 196 8 196 

TOTAL INDIRECT 151 635 

171 923 
CONSTRUCTION 
COST 

1 CONTINGENCY 1 25 788 

I BCC 1 197711 1 169405 1 124 122 1 107 849 

ACTIVITY 
DURATION 
(MONTHS) 

516 516 144 120 480 480 144 120 



"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 
(Opt~on-2 Decomm~ss~onmg) 

Table A3-6B Under U.S. Condlt~ons on a Multl-Unlt Basls 

ACC 
NO 

21 

22 

23 

24 

25 

26 

2 

9 1 

92 

93 

99 

9 

2 + 9  

EN-MIC 
DATA BASE 

ACCOUNT 
DESCRIPTION 

STRUCTURES & 
IMPROVEMENTS 

REACTOR PLANT 
EQUIPMENT 

TURBINE PLANT 
EQUIPMENT 

ELECTRIC PLANT 
EQUIPMENT 

MISCELLANEOUS 
PLANT EQULF'T 

MAIN COND HEAT 
REJECTION SYS 

TOTAL DIRECT 
COST 

CONSTRUCTION 
SERVICES 

ENGINEERING & WO 
SERVlCES 

29ELD SUPER & FIO 
SERVlCES 

SOCLAL ECONOMIC 
COST 

TOTAL INDIRECT 
COST 

p p - 7 -  

BASE 

(In Percentage of January 1,1994 Base Construct~on Costs) ERI-JEAS 
PLANNED DECOMMISSIONING EARLY 

150% 

1150% 

CONSTRUCTION 
COST 

CONTINGENCY 

BCC 
WICONTINGENCY 

ACTIVITY 

DECOMMISSIONING 

DURATION 
(MONTHS) 

RUSSIAN 

150% 

115Oh 

95 

150% 

1150/ 

480 

150% 

1 1 5 0 1  

RBMRTOOO 
1000 

HIGH 

1 3% 

10 5% 

118% 

52 6% 

0 1% 

290% 

6 5% 

8 8 2 /  

~ ~~~~p 

100 0% 

150% 

1 1 5 0 1  

RUSSIAN 

150% 

1150% 

APPROACH 

VVLK 440 

150% 

1 1 5 0 h  

U S  

150% 

1150% 

15 0% 

1 1 5 0 1  

516 

M\Ve 
LOW 

O O h  

59 5% 

32 8% 

7 6% 

9 9 9 1  

1000% 

APPROACH 

RBMR 
1000 

HIGH 

1 3% 

10 3% 

116% 

51 9% 

0 1% 

28 6% 

7 8% 

88 4 /  

1000% 

15 0% 

1150% 

480 

APPROACtl 

150% 

1150% 

440 
HIGH 

2 1% 

8 2% 

1 0 3 h  

600% 

0 1% 

22 1% 

7 6% 

898% 

100 0% 

RBMR 
1000 

HIGH 

0 4% 

26 7% 

271% 

39 5% 

0 2% 

13 6% 

166% 

69 9 h  

1000% 

150% 

1150% 

144 

U S  

VVEK 
440 

HIGH 

4 1% 

15 8% 

19 9Y 

52 7% 

0 2% 

12 4% 

14 8% 

80 1% 

1000% 

l ~ d 0  
MWe 

LOW 

O O h  

58 6% 

32 3% 

9 1% 

100Oh 

10OOY 

VVER 
440 

HIGH 

2 1% 

8 1% 

102% 

59 6% 

0 1% 

21 9% 

8 2% 

89 8% 

100 0% 

150% 

1150% 

120 

APPROACH 

MWe 
LOW 

0 0 %  

67 1% 

24 1% 

8 7% 

99 9% 

1000% 

lWNd 
MWe 

LOW 

0 0% 

55 9% 

17 9% 

262% 

1000% 

100 0% 

RBMIC-1010 
1000 

HIGH 

3 3% 

25 7% 

290% 

38 0% 

2% 

13 1% 

19 8% 

71 1% 

100 OY 

150% 

1150% 

440 
MWe 

LOW 

0 0% 

66 4% 

13 8% 

19 8% 

1000% 

100 Oh 

440 
MWe 

LOW 

0 0% 

66 6% 

23 9% 

9 4% 

99 9% 

100 0% 

VVEK 
440 

HIGH 

4 0% 

15 6% 

196% 

52 0% 

0 2% 

122% 

160% 

80 4% 

1000Y 

MWe 
LOW 

0 0 %  

52 7% 

16 8% 

30 5% 

100 0% 

100 0% 

440 
MWe 

LOW 

O O h  

65 1% 

135% 

21 4% 

100 0% 

100Oh 

15 0% 

1150% 

15 0% 

1150% 

516 120 



"OVERNIGHT" BASE CONSTRUCTION COST ESTIMATE SUMMARY 
(Opt~on-2 Decomm~ssioning) 

Table A3-6C Under U S Condltlons on a Multl-Unit Basis 



FIXED AND VARIABLE NON-FUEL OPERATING AND MAINTENANCE COST ESTIMATE 
SUMMARY 

Table A3-7 Under U S Cond~t~ons on a Total Plant Bas~s 
(In January 1,1994 U S Dollars) 

NON FUEL 0 & M COSTS 

FIXED 0 & M (%/k\V yr) 

VARIABLE 0 & M (m~llslKWh) 

CONTINUATION CONVERSION 

VVER 1000 

1000 MWe 

31 

2 4 

RBMK IUUO 

1000 h1We 

COMPLETION1 
UPGRADE 

VVER 1000 

1000 MWe 

149 

0 9 

HIGtl 

164 

0 7 

V m  440 

440 M\Ve 

NEW 
GENERATIO 

N 

NP 500 

635 M We 

77 

0 4 

LOW 

147 

0 6 

HIGH 

170 

10  

UPGRADE OPERATING 
UNIT 

VVER 1000 

1000 MWe 

LOW 

141 

0 8 

HIGH 

225 

1 3  

LO\V 

149 

0 9 



FIXED AND VARIABLE NON-FUEL OPERATING AND MAINTENANCE COST ESTIMATE 
SUMMARY 

Table A3-8 Under Russian Condit~ons on a Total Plant Basis 
(In January 1,1994 U S  Dollars) JPNAS 

NEW 
GENERATIO 

N 

NP 500 

635 MWe 

25 

0 3 

COMPLETION1 
UPGRADE 

VVER 1000 

1000 MWe 

49 

0 7 

CONVERSION 

VVER 1000 

1000 MWe 

10 

1 8  

NON FUEL 0 & M COSTS 

FIXED 0 & M ($lkEV - yr) 

VARIABLE 0 & M (m~lls/K\Vh) 

CONTINUATION UPGRADE OPERATING 
UNIT 

VVER 1000 

1000 MWe 

HIGH 

62 

0 9 

LOW - 

49 

0 7 

R B m  IUUU 

1000 MWe 

- m y  
440 MWe 

tllGH 

43 

0 5 

HIGH 

52 

0 8 

LOW 

39 

0 5 

LOW 

44 

0 7 



FIXED AND VARIABLE NON-FUEL OPERATING AND MAINTENANCE COST ESTIMATE 
SUMMARY 

Table A3-9 Under Russ~an Condlt~ons on a Total Plant Bas~s  
(In January 1, 1994 U S Dollars) ERI-JEAS 

NON FUEL 0 & M COSTS 

FIXED 0 & h.1 ($lk\V yr) 

VARIABLE 0 & M (mdlsIKWh) 

CONVERSION 

VVER 1000 

1000 MWe 

10 

3 0 

CONTINUATION COMPLETION1 
UPGRADE 

VVER 1000 

1000 MWe 

38 

0 7 

1000 MWe 

- - - -  
440 MWe 

HIGH 

32 

0 5 

NEW 
GENERATIO 

N 

NP 500 

635 MWe 

19 

0 3 

HIGH 

47 

0 8 

LOW 

30 

0 5 

UPGRADE OPERATING 
UNIT 

VVER 1000 

1000 M\Ve 

LOW - 

35 

0 7 

HIGH 

47 

0 9 

LOW 

38 

0 7 



Table A3-10 Addltlonal Assessment of the Costs and Completion Schedules of NPP Unlts 
(In Thousands of Constant January 1,1994 U S Dollars) 

Under Russ~an Condit~ons Uslng the ERI-JEAS Convers~on Factors 

*Completion status of Balakovo - 5 and Balakovo - 6 IS as of 1993 

NO 

1 

2 

3 

4 

COMPLETION DISBURSEMENT SCHEDULE 

UNIT 

Balakovo - 5 

Balakovo - 6 

Rostov- 1 

Kursk - 5 

UNIT 

Balakovo - 5 

Balakovo - 6 

Rostov - 1 

Kursk - 5 

DISBURSEMENTS, % OF TOTAL 

REACTOR 
TYPE 

VVER- 1000 

VVER- 1000 

VVER-I 000 

RBMK- 1000 

1995 

10 

10 

80 

20 

1997 

25 

20 

30  

1996 

25 

15 

20 

30 

BASE CONSTRUCTION COSTS 

1998 

25 

25 

20 

TOTAL 
COSTS 

446 3 

5427 

78 0 

208 8 

INDIRECT 
COSTS 

115 2 

141 0 

32 3 

92 9 

OTHER COSTS 

DIRECT COSTS OWNER'S 
COSTS 

43 2 

60 3 

6 5 

19 0 

EQUIPMENT 

161 1 

196 1 

16 1 

19 2 

1999 

15 

20 

CONTINGEN 
CY 

43 2 

517 

6 5 

17 3 

LABOR 

19 3 

21 3 

9 3 

15 3 

2000 

10 

200 1 

- 

MATERIALS 

64 3 

72 3 

7 3 

35 2 

TOTAL 

244 7 

289 7 

32 7 

79 7 


